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INTRODUCTION. 


Tun northorn regions of the United States of North Amorica, probably possess 
& greater amount of water-power than any other part of the world of equal 
extent, and the aclive and inventive gomius of the American people, combmed 
with the very high price of labor, has had a powerful influence in bringing this 
power into use. Nevertheless, tho water-powor is so vasl, compared with the pop- 
ulation, that only a small portion of iv has, up to this vime, been applied to the 
purposes of ian, [tb was estimated, nob long since, thal the total usoful offect 
derived from water-power in Fiance, was about 20,000 horse-power, An amount 
of power far oxcoeding this, is already derived fiom tho Menimack River and 
ils branches, in Massachusetis ant New Tnmpshire What must be the amount 
of tho population and wealth of the Northern States, when the other rivers that 
water thent are equally improved ? 

Qne of the earliest and most suecossfil eflurla to bring into use, in a ays 
tematic manner, one of tho lager water-spowors, was made at Lowell in Mase 
chusells; where, in J821, a number of fama situated noar Pawtucket Falls on 
the Memimack River, were puchased by several capitalists of Boston, who obtained 
a chuler from the Stato of Massueliusetis under the namo of Lhe Jlarinak 
Mianjfackwug Company Tn 1826, tho property was transfered to tho Praprelars 
of the Loeks and Gauls on Morimack Rio, a corporation chartored in 1702 for 
the purpose of improving the navigution of the Morrimack River, Proviously to 
the transfer, the Merrimack Manufieturing Company had orectod a dan of about 
950 loct in longth, ab tho head of Pawtucket Falls, and had also enlarged the 
Pawtucket Canal, which was oviginally conalructed, previously to tho year 1800, 


by the Proprictors of the Locks and Canis on Merrimack River, for tho purposes 
: B 
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of navigation Subsequently to the enluryement, howover, this canal his heen 
used both for purposes of navigation, and to supply water to the wheeld of 
numerous manufaeluring establishments, 

The dam at the head of Pawtuckol Tally, in the odinary stele of the river, 
fleadens the current of the river for about 18 imles, fomning, in Jew water, a 
reservoir of about 1120 acres; this extensive reservoir ix of great value in very 
low stages of the river, as ib affords space for tho acemuuluion of the flow of 
the river during tho night, when the manufictories are nob in operation, ‘This 
accumulation is subsequently diawn off, together with the natinal tow of the 
river, dmmg the usual working hours 

The total fall of the Merimick River at Pawtucket Pally, in ordinary low 
water, is about 85 fect, of which about 2 feet is Tost in consequence of tho 
descent in the canels, leaving a nel fall of about 8d fect. About - af the water 
is used on the ontire fall, and the remainder ix wsod twice over, on fille of about 
14 and 19 feet respectively The wator-power has boon granted by tha Prapri- 
elors of the Locks and Canals on Muvimack River, in definite quantities culled 
Mall Powers, which aro equivalent to a gross power of a Jit Tow than 100 
hoxse-powor each, Grants have beon mule to cloven manuielming eo rpanios, 
who have an aggregate capital, somewhat exeooling dhirteen milliony of dollus. 
Thus, to the Merrimack Manufacturing Company, Chore heve bea grantua 244 
mill powers, each of which consists of the right to draw, for 16 hows por day, 
25 cubic feet of water por second on tho ontive fall. Up to th time, there 
hove been granted at Lowell 189J¢ mill powors, or a tolel quantity of water 
equal to 3595,9388 cubic feet por second. A large portion of this water js usu 
on turbines of a very superior description, ad nemly all the renamder, on hreust 
wheels of good construction, » portion of which, however, do not use quile the 
wholo of tho fall on which they aro placed We may, however, sano (hat, 
upon mn average, a uselil effect is dorived, equal lo § of the tolal power af 
the water expended. Calling tho fall 88 foct, and tho weight of ‘a enhie fret, 
of Wator 62.83 pounds, we shall have for the effective power terived fom the 
wator-power granted by the Proprietors of tho Tocks and Cannls on Morvimack 
River at Lowoll, 
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In consequence of the success aliending the impiovement of the water-power 
al Lowell, several olher extensive waler-powers in New Iingland have been brought 
into use in a similar manner. Some of these undortakings have beon quile sue 
covgfl, whilst with others, as yot only pmiially developed, the suocess has not 
beun 0 decided, , 

The groat abundance of waterpower in this country has had a strong ten- 
dency Lo gneourage is extravagant use; the machines used in tho manufhetories 
we usnally gieat consumers of power; tho ability of a machine to tum off the 
grentosl quantity of work with the leash manval Inbor, and in tho /easé fume, has 
heen the point mainly considered; and whether ib required o greater or Jess 
amount of power, has been a secondary consideration 

The enginooing operations connected with the waterpower at Lowell, have 
froquently demanded move definilo information on cortain points in hychaulics, 
than was to be found in any of the publications volating to that science; and 
honce hus arison the necessity, om ime to ime, of making special oxperimonts 
to supply the required information. Whenever such omergencies have arisen, the 
officers who have the general care of the interosis of the several corporations, 
with a Hberality founded on onlarged views of the tiue interests of the bothes 
they repesent, have always beon willing to defray such expenses ay wore neces 
xuy, in order that tho experiments nught be mado in a snlisielory manner, 

The experimonts recorled in the following pages, aro a selection from those 
made hy the author, in tho discharge of his duty, as tho Engineor of tho Cor 
porationy ub Towell, They may be divided into two classes, namely, #*st, those 
on hydiantia motors, and, second, those on the flow of water over weir, and in 
short rectangular cunals. Combined with the desoription of the experimonts, there 
me alo given some other investigations, whieh may appear somewhat out of 
pluco, lub which, from their ublily or novelty, will be found inteyesting to many 
persons who have cultivated tho scieuce of hydraulics, 

The unit of longth adopted in this work, is tho English fool according to 
byasy standaid meastre mado by Cary of London, now in tho possession of” tho 
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PART 1. 
EXPERIMENTS ON JYDRAULIC MOTORS. 


EXPRRIMENTS UPON TIM TREMON'T 'TURBINN 


1 Unun within a fow yoy the watersvlicels in uso in the principal rimnofie- 
turing estublislanents in New Ingland, wero wiat are there generally called dy cesd 
uheel, somelines known also by the name of pilch back wheels. Vhey ae the samo in 
piinciplo a4 Une overskot-wheel, Ihe useful effeel being produced, almost entirely, by the 
simple weight of the water in tho buckets, and differing only fom the evershot-wheed 
in Utis, that the water is not carried ontirely aver the top of ihe wheel, hut is let 
into the huckels near the lop, but on the opposite side from that adopted for the 
oversholwvheel An apron, lilting as closely as practicable to the wheel, is used to 
prevent the water leaving the buckets, until it reaches very nearly the boblom of 
tho wel 

In Lowell, these wheels have beon constructed principally of wood, many of 
them of very Inge dimensions, Those in the mills of the Merrimack Manulactuume 
Company, for instance, are thirty feo in diumoter, with buckets twelve feet Jong, our 
of the mills belonging lo this company, have lwo such wheels in cach of them. 

Until the year 1644, the breast wheel, as above deseribed, was considered hove 
the most perfect wheel dav covld be used Much projudice existed hero, as elxevhore, 
ngunst tho reaction wheels; a great number of which had, however, been used 
throug out the country, in the smaller mills, and with great advantage; for, although 
they usually gave a very small eflect in proportion lo the quanlity of water expendcd, 
their choupness, the small space required for them, thar grealer velocity, being less 
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impeded by backwater, and not requxmg expensive whoelpits of masonry, were very 
-important considerations ; and in a county where water powor is so nmeh mora 
abundant than capital, ihe economy of manoy wes generally of groater importance 
than the saving of water, ; 

A vast amount of ingenuity has been expondod by intolligont millwrights, on” 
these wheels; and it was said, several yems since, that not less than threo hundred 
patents relating to them, had been granted by the United Stales Government. They 
continue, perliaps as much as over, to be the subject of almost imnumerablo anodifen- 
tions, Within a fow years, thoro has been a manifest improvement in them, and (hove 
are now several varictios in use, in which the wheels thomselvos aro of simplo forme, 
and of single pieces of cast-iron, giving a useful effect approaching sixty por cont, of 
the power expended. . 

2. The attention of American engincors was diveclod to tha improved reaction 
water-whéels in uso in Franco and other countrics in Europe, by aovoral arlicler in the 
Journal of the Franklin Instituto; and in tho yoar 1848, thoro appeared in tnt 
journal, from the pen of My. Lihvood Morris, an eminent engineer of Pennsylvania, 
a translation of a French work, entitled, Zyperiments on waterarhecls having a vertical cast, 
called ten bines, by Arthu Morin, Captain of Artillery, ete, ec. Ta the sumo journal, Mi 
Morris also published ‘an account of a sories of oxporimonts, by himsolf, on two turbines 
constructed from his own dosigns, and then oporating in tho neighborhood of Phila 
delphia. 

The experiments on one of those wheels, indicate a usdoful offecl of seventy-five per 
cent, of the power oxpended, a result as gcod as that claimed for tho praotioal effect 
of the best overshoi-whools, which had, horotofoe, in thia country, been consitlorad 
tnapproachable, in their economical use of wator. 

8 In the you 1844, UniahA, Boyden, Esq, an ominont’ hydraulic engineer 
of Massachusetts, designed’a turbine of about sovonty-fiva horsepower, for the Liek- 
mg Boingo of the Appleton Company’s cottonuilla, al Lowell, in Massachusetts, in 
whidti phe, Mr. Boyden introducad several improvements, of groat valua. 

The porfortanco of the Apploton Company's turbine, was omofully ascertained 
‘by Mx. Boyden, and ils affootive powor, exclusive of that required to carry the wheel 
itself, a pair of bevel, gears, ond the horizontal shaft carrying tho Crietion pulley of a 
Prony, dynamometor, was found to be sevonty-cight por gent, of the power oxpendad, 

‘4. In the your 1846, Mr. Boyden superintendod tho construction of threo ‘tu 
binBivat, shout one hundred and ninety horssponor cach, for the samo company. » By 
the telitns, of the contract, Mr Boyden’s compensation depended upon the perform 
ance of -thejuibines, and it was stipuldted that two of thom should ho texted. ‘ho 


ve 
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these tutbines be sovenly-cight por cont, of the power of water expended, the Apple- 
ton Company to pay me fvelvo hundred dollas for my services, and patent rights 
for tho apparatus fo. Uneso ills; and if the powor derived be greater than soventy- 
cight por cent, the Apploton Company to pay mo, in addition to tho twelve hundred 
dollars, at the rate of four hundred dollars for every ono per cent. of powor, obtained 
above scventy-cight per cont” In accordance with tho contract, two of tho turbines 
wore tosled, a very porfect apparatus bomg designed by Mr. Boyden for tho purposo, 
consisting, ossentially, of a Prony dynamometer to monsmo the usoful offeols, and 
a weir to gaugo tho quantity of water oxponded. 3 

5, A groat improvement in the mode of conducting hydraulic oxperimonts was 
horo adopted, in making cach set of obsorvations continuous, the timo of cach obser 
vation being noted; thus, te obsorver who noted tho height of the water above tho 
wheel, recorded regularly, soy evory thirty soconds, tho timo and tho height; and so 
with the other observors, Lhe recorded times funishing tho moans of afterwards identi- * 
fyifig simullancous obacrvations, ‘ 

6. Tho observations wore put mto tho hands of the artthoy, for sompulation, 
who found that tho mean maximum offective power of the two turbinos tésted, was 
cighty-cight per cent of tho powor of the water expended, _ 

According to tho tonns of tho contract, this mado the compensation for engincoring 
services, and patent rights for these throe wheels, amount to Mfty-two hundred dollars, 
which aun was paid by the Appleton Company wilhout objection. 

7. These turbines have now beon in operation about eight yonrs, ahd thelr por- 
formaneo has been, in every rospoct, entirely satisfietory ‘Tho iron-work for these 
wheels was constructed by Messrs, Gay and Silver, at their machino shop ob Nowth 
Chelmsford, near Lowell; the workmanship was of the finost description, and of & delt- 
cacy and accuracy altogether unprecedented in conigirnctions of this class 

8. hese wheels, of course, contained Mi. Boydon’s lntest improvements, and it 
was evidently for his pecuniary intorest that tho wheels should be as perfect na posuble, 
without mich vegard to cost ‘Cho principal points in which one of thom diffora fom 
tho constrictions of Sournoyron, aro as follows, 

0, Tha wooden flume, conducting the water immedutely to the tu tine, ts in the form of 
an thwerled truncated con, the water being tuboduced nto the upper part of the cone, on one 
sida of the aais of the cone (which comeutes wilh the avis of the tu bine) in such a manne » 
that the water, as i descends in the cone, has a graduclly tnereasing velooty, and a spat 
molioh the hertzontal component of the sural motion beng in the direchon ofthe motion of the 
wheel. This horizdntal notion is derived from the necessary volocity with which the 
water entors tle truncaled cone; and tho arrangement is such that, if perfectly propor, 
tioned, there would be no loss of power between tho nenrly still water in the principal 
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penstock and the guides o loading curves noar tho wheel, except fiom the fhielion 
of tho water against the walls of tho passugey It is nob to bo suppoxed hit Uke 
consti aedaris so porfoct as to avoid all los, cxeept om friction; but there is, withottt 
doubt, a disuncl advantage in this arangement over that which had beon uwunlly 
adopted, and where no attempt had beon made to avoid audden changes of direction 
and velocity. 

10. The gudes, ov leading curves, are not qurpencreulen, but a tlle inclined backwards 
from the direchon of the motion of the wheel, so that the water, descencing with « specs motion, 
meets only the edges of the gudes. This leaning of the guides has also another valuable 
effect when the regulating gato is raised only a small part of the height af the wheel, 
the guides do not completely fulfil thei office of directing the water, the water entering 
the wheel moue nealy in the direction of the radius, than when the gate is fully aaised ; 
by leaning the guides, it will be seen that the onds of tho guides noar the wheel, aro 
inclined, the bottom part standmg father forward, and operating more efficiently in 
caresting the water, when tho gate is patially raised, thon if the guides were perpen 
Cioular. 

11. In Fourncyzon’s constructions, a garniture 18 attached to the regulating gate, 
and moyos with it, for the pmposo of diminishing the conlraction; thix, considered 
aparb’forh the mochanteal difficulties, is probably tho best arrangament; lu be perfect, 
howov6t, theorctically, this garniture should be of difforent forms for different heights 
of gtite;- but this is evidently impracticable. 

Jn the Appleton Turbine, the garmlue ts allached to the guides, the gale (ut least the lower 
part of ut) being a simple thin cylinder, By this avrangement, tho gale mects with much 
loss obstruction to its motion than in tho cld arrangement, unless tho parts ato so 
loosely fitted as to bé objectionable; and 1 is boliovod that the coofficient of effect, 
for a partial gate, is proportionally as good as undor the old arrangement. 

12 On the outside of the wheel 1s filled an apparalue named, by Mr. Boyden, the Dighuser, 
Tho: hie t of this extromoly intoresting mvontion, ia to render useful a part of the 
power WiGinyise entwely lost, in consequones of tho water leaving tho wheel with 
a consider Ib; Velocity. Tt consists, cssentially, of two stationary rings or disca, plicad 
concentrically, irlth tho wheel, having en interior diameter o very litle Jarger than 
tho exterior’ diatoler cof the wheel; and an oxtorlor dinmetor equal to about tice 
that of the whéel; tho hoight botwoen the discs, al thelr interior ciroumference, ia 
& voxy liltle groater thar that of tho orifices in the oxtorior circumference of the wheo), 
anid, es exterior circumference of the disce, the height botween them is about twice 
as gill tat the intorior circumferenco; the form of the surficor connecting dhe 
interior atid? Bitterior ciroumferences of tho discs, is gontly rounded, tho first elomanta 
ol the curvesHdar the terior ciroumferoncea, being nonrly horwontal. There is con 
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soquently, included between the two surfaces, an aporlme gindually enlarging fom 
the exterior circumference of the wheel, to the egtorior circumfwence ofthe diffuser. 
When tho regulating gato is yaised to its full height, tho scolion, through which tho 
water passes, will be mereased by insensiblo dogrecs, in the proportion of one to fou, 
and if the velocity iy uniform in all parts of the diffusor at tho sano distance fiom the 
‘wheel, the velocity of the wator will be diminished in the same proportion; om its 
velovity on leaving the diffuser, will bo one fourth of that at its ontrance. By tho 
duchine of living fovegs, the power of the wator in passing through the diffuser must, 
therefore, be dimimshod to ono sixteenth of tho power at ils entrance It iy essential 
tho propor action of the diffuser, that it should be entirely under wator; and tho 
powor rondered useful by it, is expended in diminishing the presse agunst tho water 
issuing fom the exterior orifices of tho wheel, aud the effect produced, is the same 
as if tho available fall under which the turbine is acting, is merensed a certain amount 
Té appears probable that o diffuser of difforont proportions fiom thoso abovo indicated, 
would operalo with somo advantage without being submerged. I is noarly always 
inconvenient to place tho wheel entroly below low-watermark; up: to this timo, 
howovor, all that have boon fitted up with a diffuser, have beon so placedy vind, indecd, 
to oblain tho full offect of a fall of water, ib appears essent‘al, oven when a diffuser 
is not used, that lho wheol should bo placed below the lowest Iovel 10 which the 
water falls in the whoelpil, when the whecl is in operation, 

Tho action of the diffuser depends upon similar principles to that of divorging 
conical tubex, which, when of certain proportions, it is well known, incense tho 
cisshuge; the author has not meb with any oxperiments on tubes of ths form, 
cischidrging under water, althotgh, there is good reason Lo beliove, that tubes of gronater 
length and divergoncy would oporate more effectively under water, than whon discharg- 
ing fecly in the air; and that vosulls might bo obtained, that are now doomed impossible 
hy most onginoess, 

Expor'menis on tho samo turbine, wilh and without a diffasor, show a gain in 
tha confivient of effect, duo to tho latter, of about threo por cont By the principles 
of living foreos, and assummg thet tho motion of tho wator is free from inregulawity, 
tho gain should ho about five per cent, Tho difforence is duo, in parl at Jonal, to tho 
unstable oquilibrium of water, flowing through expanding aperluies; this must mborfore 
wilh the uniformity of the velocitics of the Shtid slreams, ab equal distances. from , 
the wheol. op we 

18, Suapending the wheel from the top of the vertical shaft, matead of sunning 6 on « slep 
at the bottom, . This had been previously a.empted, but not with such success as to 
warrant its general adeption, It has boon accomplished with: completo succoss by. 
Mr Boyden, whose mode is, to cut tho upper pmt of the shaft into a series of necks, 
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and to rest the projecting parts upon corresponding parts of a box, A proper fit is 
secured by ling the box, which is of ewtiron, with babbith motal, a soft imetultic 
composition consisting, puncipally, of im; tho erstivon box is mado with suitable pro 
jections and recesses 10 support and retain tho soft, motel, whieh ia melted and pomred 
into at, the shaft bemg at the same time in ils propor position in the box, JI will 
readily be seon that a great amount of bearing surfieo can bo casily obtained by this 
mode, and also, what is of equal importance, jt may bo near the axis; the Iming 
mewl, being sufl, yiclds a little if any part of tho bearing shovld reecive a great 
excess of woighl. ‘Cho castiron box is suspended on gimbals, similur lo (hoxo usually 
adopted for mariners’ compasses and chionomolers, which arrangement permits tho 
box to oscillate fieoly in all dircotions, ho.izontally, and provents, in a yroal mensura, 
all danger of bréaking the shaft at tho necks, in consequences of imperfections in the 
workmanship, or in the adjustments, Soveral years’ oxpeiienco has sluwn, that ths 
arrangement, carefully constructed, is all that can bo dosivod; and theta bearing tux 
constructed, is as durablo, and can bo as readily oiled, aud talon care of, aa any ul’ the 
ordinmy bearings im a manufactory, 

14, The buckels avo sceurod to the crowns of the wheel in a navel, and nut 
moo perfect mannor, than had been proviously used; tho crowns ara firal turned to 
the required form, and mado smooth; by ingonioww machinery devised fay the purpoxy, 
grooves “ave cut with groat acomncy in the crowns, of tho oxnal curvature of the 
buckets; movlicos ave cut through the crowns, in sevoral places in ench grooves the 
buckets, or floats, axe inado with corresponding tenons, which project though the crown, 
and are riveted on tho bottom of the lower evown, and on the top of the upper crown 
this construction gives Uo requisile strongth and firmness, with huekets of much thinner 
iron than was necessmy under any of tho old arrongements; it alo lowves tho porsnger 
through tho whcol cnticly fice fium injuious obstructions, 

16 Mr. Boyden has also designod a Inrgo munbor of turbines for different mn 
hfagitting (establishments in New England, many of thom under contiaeta similar to 
that WW. jtho Apploton Company, and hax accumulated a vasl number of valuably ex« 
periments thd, observations upon thom, which, it ix to be hoped, he will find tine to 
prepare for publlogtion; as such opportunities but rarely occur to ongineers x0 able 
to profit by them, cf 

16. In the your 1849, tho Monulacturmg Companica at Lowell purchused of Ma. 
— the right to uso, all his improvemonis relating to turbines and other hydraulic 
mi ibn that timo it bus devolved upon the author, as the chief enginver of thosg 
companigseto design and superintond tho constuction of such turbines aK might be 
wanted: fe a gir manufactorics, nnd to aid him in this important undcrlaking, Ma, 
Boyden hag édmmunicated to him copics of many of his dosigns for turbines, togothor 
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with (he resulis of oxperimenis upon a portion of them; he has conmunieated, how- 
over, but lie theoretical mformation, and tho author has beon guided, principally, by 
& comparison of the most successful designs, and such light as he could obtain from 
writeis on this intricate subject. 

“U7. The first designs, propmed by tho author, after tho arrangement with Mh. 
Boyden was entered into, were for fow turbines of cssontially the same dimensions, 
namely, lwo for the Suffolk Manufacturing Company, and two for to Tremont Mills, 
for the purpose of funishng power for the cotton-mills of these companies at Lowoll 
These turbines wore constructed at tho Lowell Machine Shop, and wore comploted in 
January, 1851, 

For the purpose, principally, of eslimating tho success of theso turbines, one of 
then was fitted up with a completo apparatus for measuring ils powor, and Lunging 
tho quantity of wator dischagod; the gauging apparatus was allerwards usod to make + 
tho oxpoviments on the dischaige of water over weirs of different proportions, for the 
purpose of dotermining, practically, somo of; the relations required .to ou known, m 
ordor to compute tho flow of wator through auch apor tures, ’ 


DOSCRIPLION OF TIN TURBING : 
’ 


18. The wator is conducted from the principal feedor to the mills at Lowell, 
called the Northern Canal, by an arched canal, or penstock, about ninoty feet m length 
The forebay, inside the whool-house, is constiucted of masonry, and haa a goneral widih 
of twenty fool, and o depth of water of fourteen fool; the channels through which tho 
watot passes, are so capacious, that the loss of fall in passing from the Northen Cannl 
to he forcbay, is scaveoly sensible During the oxperimonts, howovor, tho load of tho 
ponatook was partinlly closed by gates, so that thoro was a sonsiblo fall nt that time, 

The entrance of tho arched canal is protected by a coarso rack, or grating, for 
tho purporo of proventing large floating suhs.ances fiom entering tho forebry; cach 
turbine ia also separately guardod by a fino rack, placed in tho forchay, which povonta 
the entrance into tho tmbmo of all loaling substances that might bo injurious Both 
racks aro mada of luge extent, to avoid sensible loss of head to tho wator in pnesing 
through them. ‘ 

Tho extreme rigor of tho New England winter ronders it necessary to Afford to 
watotwheols of all descriptions, completo protection fiom the cold, ‘Lho rosult 1s, that 
less interruption from frost is experioncod, thi in many milder oliinpfés Tho wheel- 
house, in which those turbines are placed, is a substantial brisk building, well waa ined 
in the winter by steam. 
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After passing the trrbines, the water is conducted by an arehed canal, or essed 
about nine hundred feet in length, lo tho lower level of the Western Canal, whieh 
BCr'VOs 8 a fecder to the Mulls of tho Lawronco Mamuicburing Company. 

19. Plate I. is a vortical section through the conwwe of tho tubing, and the axin 
of the supply pipe. 

Plate IL is a plan of the iuxbine, and whoelpil 
| Plate IIL, Figure 1, is o plan of nomly ono fomth part of the diso and wheul. 
Figure 2 is a plan of the whole wheel, tho guides, and garniture, Viguro 8 iv a yay 
tical section through both crowns of the wheol. 

The same letters indicate the same parts, in all these Chroa plates, 

20, A, the forebuy, in which the levol of tho walor is nearly the samo aa in the 
Northdin Canal ; it is represonted at the vsunl working hoight. 

21. B, the swface of the water mn the wheelnt, roprosontod at the loweat height at 
which, the turbine is intended to operate. 

2% GC the masonry of the wheelpit, ‘ho frcos towards the wheel, aro of gran te 
ashlar work, in blocks containing, gencially, from ten to forty cubia foot. Tho backing 
is of had mica slate. The capping coure, shown patioulurly on Plate IL, ia neally 
dhossod on its uppor surfice ‘Lhe wholo is compactly Jaid in hydyaulis coment. 

© 98, \D, the floor of the wheejnt, This flooy sustains the weight of part of tho stp 
ply ‘pipe, and of part of the water in it, wed all the vest of the apparati, excepting 
tho wheol atsolf and the vertical shaft, which aro supported by bouns and braves, directly 
from {hg side walle of the whoclpit, It was necossary thwt the floor should hayo suffl- 
cient stiffness to vosist the gront upwaid pressme which tikes plies when the whoelpit 
1s kopt dry by pumps in order to pormil repairs to bo mule. Who walls of the wheok 
pit ave built upon tho floor;—~there was, consequently, no danger of the whole floor 
bomg pressed upwards, but the great width of tho pit, (Uwonlyowr feet) would allow the 
floor jo yield in tho contro, unless it had groat stiffness. 

L is he ect those 1eqyivemonts, throw onstion beams aro placed ncrosa tho pil, the 
ends, extonding about g fool under tho walls, on each sida; on thoso aro Inid uniek 
planks 3whilg}t qvo. (uraly secincd lo the cushion berms, by holis. ‘To protect the thick 
planking. hom cing-worn out by tho constant uction of the water, thoy are cover 
wilh a flooring of ong inch bomds, whigh onn bo easily ronowed when TecgHanr'y, 

, MB, tha wouglt tion supply apo. This is conatructod of plate iron, ¥ inch thick, 
ulvgted Logother in a similar menney to stonm boilers. ‘The horizontal part ix nina fant 
ing er, the curved pavt gradually diminishes in diomoter, to its junetion with the 
Upper ound. The upper end of the supply pipe ia terminated by a cast-hon ving 
turned stpogth on tho face, 10 reecive the wooden head gue, The apply pipe is alao 
furnished with iho mon hole and ventilating pipe @, and tho leak box Jf ‘The use of, 


» 
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tho Intlor is, to ontch the leakage of the head gate, whonever it is closed for repnirs 


of the wheel; at such times, tho loakngo is carried off into the raceway, below the 
wheolpit, by a six inch pipo, fwnishod wit a valvo which can bo oponed and shut at 
pleasure, 

25. T, the castiron cubs, Those conduct tho water from tho wrought ion sup- 
ply pipe, to the diss & Tho curbs aro made in four parts, for tho convenience of tha 
founder, ‘Tho surfaoos at which they are joined, are turned true ine lathe, packed with 
red load, and bolted togethor with bolis ono and a half inches diamotor, placed about 
six inchos apart. Tho genoral thicknoss of tho ivon ig ono and o quarter inchos The 
flanges axe two indhos thick, Tho uppor cmb has a projection enst on it, to receive tho 
diso pipe. Tho lowor curb is finished on all sides; tho outside, to permit the rogulating 
gate to bo moved up and down easily; the inside, to presont a smooth surface to tho 
water, and to match noomatoly with the garniture L, 

> wAlSKO omrbs aro supported ‘from the wheelpit floor by four coliimna, two of which 
 Gte"shown af WW, plato I, resting on tho cast-ott beam O; this i& plnood on tho 
floor, for the purpose of distributing tho weight’ The contro df thé tedlumna oo 
thivieen inches from the outside cixcumforonce of the whoel. The bene’ vost 
immediately upon tho columns, and tho eur) upon the beams, tho latter projédting 
ovor the columns far enough for that purpose. Tho beams A’ algo act os binoca 
from tho whoolpit wall lo tho ourb, and ave strongly bolted at cach end. 

26, 3 the disc. This is of onstiron, one and a half inchos thick, and is tuned 
smoolh on the uppor surface, and hlso on ils cheumforonce. Tt is auspended from 
the upper curb, by means of tho diso pipos Af ‘The diso carries oft ils uppor 
surfice thirty-threo guides, or loading omves, for the purpose of giving the ‘water, 
entoring the wheel, proper diraations Thoy ma mado of Russian plate ion, ond 
tonth of an inch in thickness, scoured to tho disc by tenons, passing through corre- 
rponding mortices, cub through the disc, and are riveted on tho underside, Tho 
upper corners of tho guites, near the whol, aro connected by tho gnrnilue .£, which 
is intonded to diminish the contraction of the slreams entoring tho wheel, when ths 
vogulating gato is fully raisod, Tho garniture is composed of thivly-three pieces of 
casiiron, or one to fll cach apace belwoon the guides; those picecs of cast-iron are, 
necessarily, of irregular form; for a top view of thom seo 4, plate TD, figuite 2. 
Thoy are algo shown in section at plato I ‘Lhoy aro carofully Mito to fll ihe 
gpacos' botwoen the guidos; above tho top of tho guides, tho adjoinhity piocos are in 
contact’; they me strongly riveted to the guides, and to cath oth’ Alter they 
were all fitted and riveted, the disco was pul in o Inthe, and fhé’ top, the periphery, 
and a part of the inside of the garniture, wero tuned off, so’ that ib would fit accur 


. , 
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rately, but casily, 10 the corteaponding part of the Jower curb, Tho disc ik not fist 
ened to the lower curb, but is rolained in ils place, horizontally, by Ue latter, 

27, MUM, te dese pipe, Tho dise 1 fastoned to Uho hoblom of tho dixe pipe 
by fifteen tap scrows, one and a quarter inches in diameter, As there ia a vertical 
pressure on tho disc, duc to the prewwre of the whole head, on its hovizoutal area, 
the disc pipo and its fastenings require to be very alvong, Tho pipe is aight and a hill 
inches diamotey, inside, or one and o half inches largor than tho shalt passing through 
it, and is one and a quarter inchos thick. Tho uppor Inngo iy funished with adjusting 
sovews, by which tho weight is supporled upon tho upper curb, and whiel afford the 
means of adjusting the height of tho disco, Tho oserpe of wolor between the upper 
cub and the upper flango of the dise pipo, is proventod by a. band of leather on (ho 
outside, which 1s retained in ils placo by the wrought iion ving 2. ‘This ring is minde 
in two segments ‘The top of the disc pipe, just below thea uppor flange, lina two 
projections, or wings, which fit into conesponding rodceses in the top of the eurh; 
these avo to prevent the diso fiom rotatmg in the opposite direction to the wheel, 
to which thoro 1s a powerful tendenoy, arisiig from the reaction of tho water ianting 
from the gurdos 

28. RR, the regulating gale, This ig vopresonted on tho koolion, ab plato I, na 
fully raised, and in this position the wheel would ho giving its full power. "Tho gaty 
18 of ‘castiton, the cylinduical part is one inch thick, the uppor port of the cylinder 
is stiffened by a mb, to which aio allached shree biackels, one of which ia shown nt 
S, plate I, and the two olhors at 8S, plato {f, ‘To thexa bruckola ave atlached 
wrought ivon rods, by which tho gate is raised and lowered. ‘Sho brackots avo attached 
to the gato at equal distances, and thorefore the rods support equal parla of ita weight, 
To one of tho rods is attached tho rack 7% ‘ho othor two rode are attached, hy mouns 
of links, to tho levers 2’ 7, plato TI, ‘Tho other outa of these levers carry geared arely 
heads, into which, and into the rack V, work threo pinions, H, of cqual piteh and size, 
fastonod 0 the samo shaft, . As the fulorums of tho levers 7%) pluto Ly avo oxuetly 
in the Jnddle, betweon the pilch los of tho arch heada and the points to whieh the 
rods aro attached, it will bo soon, that by Ube rovolution of tho pinion shaft, the pate 
must be indvéd up o1 down, oqually on all sides, Tho shoft on which tho pinions 
are fastened, ig driven bythe worm whoel .X, plates T. and IL; this ix drivon by the 
Worn a, either by tho géVornor YF; or tho hand whool Z Tho shaft on which the 
worht, <a. is fastenot’, 18 furnished with thovablo couplings, which, when tho peed gata 
is at b intermediate points betioon ite highest and lowost positions, are retained 
in plies by spiral springs; in cither of the extreme positions, the couplings wre sep. 
arated by menus of a lever, moved by ping in tho rack-7; by this meuna hoth the 
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regulator nnd hand wheel aro prevented fom moving the gato in ono direction, whon 
tho gato has attained cithor oxtvome position, If however, the regulator or hand 
whool should be moved in the opposite direction, tho couplings would catch, and the 
gato would be moved. Tho weight of the gate is counterbalanced by weights attached 
to the levors Z' 7, and by the intervention of a lever to the rack 7; by this arrange- 
ment, both tho governor and hand wheel are required to operate, with only the force 
nosessu'y .o overcome tho friction of tho apparatus. 

20. bb Zhe wheel This consists of a central plato of sash ous and of two 
clowns, ¢¢, of tho samo material, to which the buckols are atiached. ‘he ocntral 
pluto and tho orowns aro turned accurately m a latho, for the purpose of balancing 
them, aud. also to diminish, as much as possible, the resistances in moving rapidly 
Unough tho witer. The lowor crown is fastonod to the contral plate, as shown at 
figures 1 ind 8, plato IT. Thoso figures also show, at ce, tho form of the crowns; 
thé wpper and lower crowns are precisely alike; they are nino and a half inchos 
wWido, At tho innor cdgo, and at the cironmforonde, tho thicknoss is 0625 inches, 
and at 6,5,inohos from the innor edgo, where théy have tho grontoast thigh thay 
aie ono ineh thick, ’ Vw! 

By roferenoo to figure 1, plate IIT, it will be scen that tho budlinte flo not 
oxtond to tho circumference of the crowns. In tho direction of tho radius, the ends 
of tho buckets are 0.25 inches from the circumference. This is for the purpose of 
peimilting tho wheol to bo handled with less danger of: injuring the onda of the floats; 
as theso ave filed down to an edge, they would be vory likely to bo damagod during 
the construction of the wheel, if they wore not guardod by the slight projection of 
tho crowna ‘This constuction also enables the grooves in the crowns to afford moro 
perfect support to the onds of the buckets, and also pormits a tonon to be nemrly at 
tho extremity of the bucket, 7 

Tho buckets aro forty-four in number, and aro of the form represented on plate 
QL, figure 1. Thoy are mado of plate iron of excellent quality, imported from Russia 
for the purpose; thoy are yi of an inch in thickness, and avo scoured to the crowns 
in the following manner, 

Tho crowns having been first tumed to tho required form, grooves ma cub, in 
them of the exact form of tho buckets, to the dopth ee, figuie 8, plato TIT , this ydopth 
ig 01 inches at the edges and 0.6 inchos noar the middle, These grooves aro cul 
ina machine contived for the ptupuse, in which tho cutting tool is auided by a cam 
Thico mortices for each bucket are then cut through onch crows, corresponding 
tenons are loft on the buckets; the latter are bent to tho roguiréd form, by means 
of a pair of dies, proparod for the purpose, the plate iron having been first: moderately 

heated. ‘Che tenons of all the buckels me then entered into the mortices in both 
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crowns, the latter aro then drawn fogother, by means of a number of sorewa applied to 
t3 of the cixeumfacnee, and whon the edges of tho buckets are drawn into 


different par ae oe 
tho bottom of the grooves, the tenons are niveled on Lhe opposite sides, This construc 


tion gives great stability to the buckets, and pormity the uso of very thin iron 
30. dd The verteat shaft, This is of wrought wou, und is accurately turned 


in every part, ; 
The diameters are as follows: — 


Below tho hub of tho wheel, . . 1. «ee es 7 inches 
In the hub of tho whoo. 1 1. 1 + se ew TH f 
Betweon the top of {he hub and the lowor boariug, 7 “ 
Between the bottom of the lower bearing aud tho 

hub of the bevel gon, 6 6 ee ee se BOF 
Th the hub of the bevel gomt,. . . . ss ss BF Ff 
From the top of tho hub of the bovel goar to the 


suspension box, 6 6 1 ee ew ee ee BOOM 


.By roferenco to plate I, it will bo scon that tho shaft dooa not run upon o alop 
at tho bottom, but upon a sevics of collars, resting upon corresponding projections in 
the susponsion boxe’, Tho part of tho shaft on which tho collars ara placed, is mado 
separate from the main shaft, and is joinod to it at /, by menns of no vockot in the top 
of the main shaft, which roceives 2 comesponding part of the collar pice. Tho collars 
aio made of ens stocl; thoy aro sepaatoly scrowed on, and keyed lo & wrought iron 
spindle, 

31. 6’ The suspension bow This ia mado in two parts, to admit of ita hoing 
taken off, and put on the shaft; il is lined with babbit motal, a soft composition cun- 
sisting principally of tin It is found that bearings thug lined will carry from fifty to 
a hundred pounds to tho squaie inch, with evory appomance of durability, 

32. ff’, The upper and lower bearings, Theso ave of cast-iron, linod with babbit 
motel; they are rotnined in position, horizontally, by meana of adjusting sorewa; var 
tically, thoir weight is sufficient, The paris of tho shaft insido the huba of tho whoul 
and tho bevel goar, ave made slightly tapering, obout yy of an inch in dinmetor in 
the Jength-of tho hubs; tho hubs aro bored out with the same taper, but a vory little 
smaller in ciemoler; they are then drawn on by a poworful sorow pnreltase, und in 
this manner are made {o fit vory tight. To provont danger of bursting tho hubs, 
they-ato before being drawn on or bored out, strongly hooped with wrouglit iron 
hoops, driven on hot, 

83, , Tho suspension box e’ (art. 81,) rests upon the gimbal g, plates I. and II, Tho 
gimbal itself is supported on the frame hi, by adjusting screws, which givo the menns 
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of inising and owing tho suspension box, and, with it, ho vertical shaft and wheel, 
Tt will be porocived, by the anangement of tho bearings abovo and below tho bevel 
goar, that no lateral strain can bo thrown upon the susponsion box, ‘Tho construction of 
tho shaft will evidently not admit, with safety, of latoal strain at the suspension box, and 
it is nocordingly so mranged that this box is free to oscillate horizontally in any direction, 
a small quantity, in case any irregularity in the form of the shaft should roquiro it 

The lower ond of the shalt is fitted with a cast steol pins, plate I. This is retained, 
in ils place by tho step, which is mado in threo parts, and lined with caschardoned 
wrought iron, The stop is furnished with adjusting screws, by means of which tho 
shaft oan bo moyed horizontally in any direction, a small distance. 

Tho weight of the wheol, upright shafl, and bevel gear, is supported by means 
of tho suspension box ¢,’on the framo %, which rosts upon iho long beams m, reaching 
across the wheelpit, and supported at tho ouds by the masonry, and also at intermediate 
points by the braces n#, 

From oconomicel considerations dhe diffuser, dosmibod at ark 12, was omilted at 
the Tremont Turbine; a largo majouily of tho turbines in use ab Lowoll, howover, aro 
Attod up with that apparatus, 

84. Tho following aro some of the dimonsions of the turbine, carefully taken attor 


the parts wore Mnished:— 


Weight botween the upper and lowor crowns, at tho outor oxtrom- 

ities of the buckets, a mean of 44 monsuroments, . . . . 0.0814 foot. 
Tloight between the upper and lower crowns, at the inner extrem. 

ities of tho buckets, a moan of 44 measurements, . . . . 0.0868 # 
Tloight between the crowns, at a point 6.6 inches from tho inner 

odgos of lho crowns, (designed to bo 0.75 inchos less than , 

nt the inner edgag). 6 6 ee ee ee ee we ee 08748 
Shortost distance botween the outor extromities of the huckots 

and the next adjacont buckets, a moan of 182 mearuremonts, 0.18767 « 
Shortest horizontal distance between lwo adjacent guides, taken 


“ 


at tho lop of the circumferential part of tho disc, a mean ap i 

of 88 monsuromenl4, 6 ee ee ee ee ee ew + OLDGO so 
Do. do. at tho bottom of tho garniture, . . . » + + ODLLT 8 
Do. do, halfway up between the disc and the von » + Qa0dd = « 
The shortest distanco botween tho guides, by a mean of the .« 

whole 99 mcasmoments, . . » « 020408 « 


Height from the top of the eiibemuieeential att of the aso ‘0 the 


bottom of the garniture, a mean of 33 mensmoinenis, . . 0.97090 « 


* 
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85 The following ave somo of the most importaub dimensions of the apparatus; 
they ore taken fiom tho original duigny, which were very closely followest in the 


construction. 

E) 

Diameter of tho exterior eixcumfermea of the crowns of tho wheal, 83883 feel, 
“ « outer extomilics of the buckoly . 6 6 1 2. 8202 & 
“ « interior edges of the crowns, and inner edges of 

the buckolg) 6 6 ee eee ee 67h 

¢ © — gutsido of tho oylindrical part of the reguinting gute, WTA « 
“ « — ingido of the cylindricul pave of the rogulaling gute, Gai 


od « — of the oulsido of the lower cw), taken below the 

flango, 6s ee ee ee ee ee IN 
“ « inside of the lower ourb, tnken at tho lop,. . «adit 
« « insido of tho lowe: curb, taken ab the lap of the 

guide, 6 0 ee ee ee ONT 
« — @ — Jowor pirt of tho dis). 6 6 ee ee ee GD 


i 
DESORPTION OF WIG APPARATUS USED IN THR EXPERIMENTS ON ‘CHE TREMONTON, 


86, The dotnils of this epparatus aro roproxontod or plate IV. 

_ Tho usoful oflect was measured with a Prony dynamometer, represented in svationul 
elevation at figure 1, and in plan al figure 2 . 

87. Lhe friction pulley A is of castdion 6.5 foet in dinmetor, to feot wide on the 
thoo, and threo inchos thick, Tl is attachod to tho vertical whalt by tha epider 4, the 
lub of which occupios the place on tho shuft intonded for the buvel gen 

The friction pulloy has, cast on ity interior chemnfarones, nix hye, CC correspon 
ing to tho six arms of tho spider, The boll holes in the onda af the aus avy slightly 
elongated in tho. dhection of Uho radius, for tho purpoxo of allowing the friotion pulley 
to expand a little as ib becomos hoatod, without tirowing much strain upon the epider, 
When tho spidor and friction pulley aro at tho samo tomperaturo, tho onda of the urmx 
aro in contact with tho friction pulley, ‘The fiction pulley wie muio of groat thick. 
ness for two reasons, Whon tho pullog is heated, the arma congo to be in gonlnet with 
tho interior circumference of the pulley, consequently they would not prevent the 
pressure of the brace from altering the form of the pulley. ‘Chis renders pront atl 
Ress necessary in the pulley itsolf Agnin, it is found that a heavy frietion pulley 

_ifisres moro regularity in the motion, oporating, in facl, as a fly-vleel, in equalizing 
small irregularitiog . 
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88, Zhe brakes Wand F ave of maplo wood; the two pats me diawn logether hy 
the wrought iron bolts @ @, which ave two inches square, 

39. Zhe bell crank 2” ourvios at one ond the scale J and at tho other the piston 
of tho hydraulic regulator ; this end carries also tho pointer Z, which indicates tho 
lovel of the horizontal arm, The vorticel arm is connocied with the brake I} by the 
Ink JG figure 8. 

40. Lhe hydautie reguidor K, figmos 1, 2, and 5, is a vory important addition 
lo tho Prony dynamometer, fist suggested to tho author by Mr, Boydon in 184d. 
Its offica is lo control and modify the violent shocks and inegulaviiics, which usually 
occur in the action of this valuable instrument, and aro the cause of some uncortainty 
in ils indications, 

Tho hydiaulic regulator used in these oxperiments, consistod of the cast-iron 
cylmdor 2; about 1,5 fect in diamoter, with a bottom of plank, which was strongly 
holiod to the capping slone of the wheelpil, as reprosonted in figure 1, In this cylin. 
dor, moves the piston A; formed of plate iron 0.5 inches thick, which 13 connectod with 
the horizontal arm of the bell oraule by tho piston vod @, The circumference of the 
piston is rounded off, and its diamoter is about yy inch less than the diameier of the 
interior of the cylinder, Tho action of tho hydvaulic regulator is as follows, ‘ThS 
cylinder should be noaily filled with water, or othe: heavy inclastic fluid. In ease of 
any irregularity in tho force of the whocl, or in the fiction of the linke, the tendency 
will be, either to raiso or lower the weight; in cither case thd weight eannot move, 
execpl with a corresponding movomont of the piston In consequence of the inclay 
licity of the Mud, tho piston can movo only by tho displacement of a portion of tho 
fluid, which must evidently pass between tho odgo of the piston and the cylinder, and 
tho,area of this space being very small, compared to the arca of the pislon, tho motion 
of tho Intter must be slow; giving timo to alter the tension of tho brake sevews before 
tho pston hes moved far, It is plain that this arrangoment mnal amest all violent 
shocks, but, howovor violent and irregular they may bo, il is evident that, if the mean 
foree of thon: is greato. in ono dirootion than in the other, the pislon must move in 
the dircction of the prepondorating force, tho resistance {to « slow movement heing very 
Hligh A. sinall portion of the useful effect of tho ture muat be oxponded in this 
inatramont; probably loss, however, than m iho rudo shocks tho brake would bo sub- 
ject Lo without its uso, : ghee 

41. For tho purpose of ascertaining the velocity of tho wheel, a -eoutter was 
attached to tho top of the vortical shaft, so arranged that a bell was struck at the ond 
of every fifty revolutions of tho wheel. 

42. To lubricate tho friction pulley, and at the same time to keep it cool, watel . 
was let on to its surface in four jets, iwo of which are shown in figuro 2, plate IV. 


’ 
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Those jets were supplied fom a laigo cistern, in tho attic of thy meistaleinliys Gatton 
mill, kept full, during tho working houts of the mill, by forse-pumpe The equnutlity ol 
water dischargod by tho four jots wus, by a» mean of two triala, 0.0288 cubic feet per 
sucond, i 

In many of tho experiments with heavy weights, and consequently alow Veloritinn, 
oil was suscd to Jubricato the brake, tho water, ding the experiment, boing shut off 
Té is found thet, with a small quantity of oil, tho fielion between tho brake aud the 
pulloy, is much greater than when the usual quantity of water is applied ; consequently, 
the requisite tension of the brako screws is much losa with the ofl, a8 a lubricator, 
then with water. ‘This may not bo tho wholo cause of the phenomenon, bul, 
whatever it may be, the caso of vogulating in slow volocitioa is incompnrably renter 
rwith off og a Iubeloator, than with water applied in a quantity sufliient to keep the 
pulley cool ‘Lhe oil was allowed to dow on in two fino continuous stronms 5~ it 
.did. not, however, prevent the pulloy from becoming hoated mifflciontly to teeampoxy 
the oil, after rmming somo time, which was distinctly indicated by tho amoke and 
peculiar odor, When those indications hecumo very apparent, tha oxporimont was 
stopped, and waler let on by tho jols, until tho pulley wae cooled. Ax the pulley 
became hoatod, tho brake sevows required io bo gradually alackonod. 

. In tho oxperimonts, in table TL, the lubricating fhuid was na follows. 

- © [nthe first twonty-six experiments, wator alono was used, 

: Th the fom oxperimonts numbered from 27 to 80, threo gallons of linsood ail worn 
wed. ak 
In all tho oxperimonts requiring a lubricator, and numborod from 81, to 48, 
inclusivo, linsced oil was usod, 

» In cxporimonts 49 and 60, resin oi] was usod, 
In oxporimonta numbered fiom 61 to 60, inclusive, water alono waa uscd. 
In expaimont 61, rosin oil was uscd, 

. ln. expemment 62; rosin oil and a small stvonm of qwater were wseds—~in the 
lator part of the exporimont, a good deal of steam waa generated by the Tut 
of tho fletion- pulley, 

In oxperiment 68, rosm oil alona was used, . 
In oxporitmonts numbered from -46 to 72, inclusive, water nlono waa ured, 
Tn oxporiments numbored from 73 to 79, incluaive, resin oil and o ginal atrenn 
ofnywater wore usod, : 
: vila experiments numbored from 81 to 84, inclusive, wator alono was aed, 
Th experiments 85 and §6, rosin ofl and a small stream of water were used, 
Tn experiment 87, resin oil alone was used, 
In exporments 90 and 91, wator alone was used, 
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Tn exporimont 92, resin oil and a small strenm of wator wore used, 

43, A special apparatus was provided to imdicate tho direction in which the 
water lef, the wheel. or this purposo the vane P, figmes 1, 6, and 7, plato IV, 
was placed near the ciroumforence of the wheel, and was keyed on to the vei tidil shalt 
Q, which turnod frooly on a atep restmg on tho wheelpit floor, The uppor ond of 
tho shaft carried the hand 2, figures 1 and 4, and directly under the hand was placed 
the graduated semicicle 5, divided into 180% When the vano was parallol to a lan- 
gent io tho ciroumforenco of tho whoel, drawn through the point nearest to tho axis 
of the vane, and the vano was in tho direction of the motion of the whool, the hand 
pointed at 0°, and, consequently, when the vano was in the direction of tho radius of 
the wheel, the hand pointed at 90° Lo prevent sudden vibrations of the vane a 
mcdification of the hydraulic regulator was attached lo the lowor pmt of the vane 
shalt, ‘This apparatus is reprosentod in detaul by figures 6 and 8. 

44, Tho quantity of water discharged by tho whool was gangod ob a weir 
ercoted for tho purpose at tho mouth of tho whoclpit, Tt is reproserited ‘on plato V. 

Figure 1 is a plan, aud figure 2 a soction, showing the rolative positions @f the 
turbine A, the grating B, tho gauge box 6 and the two divisions or bays -of tho-sveir, 
D, and ee 

As the water issuod from the orifices of tho turbine with considerable force, 
particularly whon the volocily of the whecl was much quicker or slower than Lat 
colresponding to tho maximum coofficient of offect, there were often such violont 
commotions in the whoolpit, that, unless some mode was adopted to diminish thom 
hefe the water reached the woir, or oven the placo where tho depths on tho weir 
werd lucnsured, il would have been impossible to mako « satisfactory gaugo of the 
wator, For thix purpasa the grating 2, figures 1. and 2, was placed across the wheolpit, 
This grating presonted numerous apertures, nomly uniformly distributed over its onthe 
aroa, through which the water must pass In the oxperiments with o full gate, the full 
from the upper to tho lowor side of the gialing was genorally from three to four inehies, 
The combined effect of thig Ml and of tho numerous small apertures, was, Lo obliterate : 
almost ontioly tho whirls and conimotions of the water abovo tho gating , About 
4.6 feet in length of the grating between / and G, figmo 1, was so nonvly olosod, 
that but litle water passed through that pat of the grating;— this made a very 
quiet iu tho vicinity of the gaugo box @ 3 

Figure 8, plato V., is an clovation of to weir, The two bays D ond # wero 
of nearly equal longlh,—the ciest of the weir was almost exactly horizontal, and 
the oxtrone variation did not exeecd 0.01 inch, The crest of the weir was of cast 
fron, planed on the upper edge JZ figures 2 and 4, ond also on the upstream face, to a. 
point [126 inches below the 1ep;—below this, at 4 fguro 4, there was a smull bevel, 

3 : 


2 
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also planed, the slope of which, on an average, waa jy inch ina lwi,ht of hued . 
the remainder of the custing wes unphned. ‘The mest of the weir 2 was, incl thieh, 
and was horizontal. ‘The upslticam edge, ab J/, was t sharp corner, ‘Phe ends of the 
weir , figuics 1, 2, and 8, were of woud, and of the samo form ag the eest 2/, except 
that there was no bevelled parl correspunding bo J, figme 4. Tho erest of the woir 
Tr wes about 6,5 foct above the floor of the wheelpit Tho ends of the weir A” pre 
jected from the walls of the wheolpit, and also from the central pier, a mean distances 
of 1.236 foot ‘Tho longth of the buy D, was 8489 fool, und of the bay 2, 8.0L 
foot, making tho total length of the woir 10,08 feet. 
45, The depth of the water on the woir waa tnkon in the gauge box ¢, figures 

1 and 2, plate V., by‘means of the hook gaugo 2, which is represented in detail hy 
figures 9, 10, and 11, plago IV. ; 
« 4 fhe hook gauge is tho invention of Mr, Boyden," and is an inslwument of inenti= 
rhablo, value in hydraulic experiments, All othor known mothoda of monaming tha 
heights of the surfuco of alill water, 1re seriously incommoded by the offvcla of 
capillary altraotion; this instzumont, on tho contrary, owes {ta oxtraordinary precision 
to that phonomonon At figure 10, plato IV, the point of tho haok A, is represented 
ag coinciding with the surface of the water, If tho point of tho hook should bo a 
very little above the surfiea, the water i1 tho immediate vicinity of the hook, would, 
by capillary attraction, bo clevated with il, oausing a diatortion in the reflection of the 
light from the surfaco of the water. Tho mosb convenient method of observing with 
this instrumont, according to tho experience of the author, ix, first, lo lower the point 
of the hook, by means of the sorew, to a liltle distance helow the surfraa;-— thon to 
raise it again slowly by the same means, until tho distortion of the sofleation “bogina 
to show itself, — then to make a slight»movemant, of the soraw in the opposite direct’on, 
80 as just to causo the distortion to disapponr; Uke point will then he almost exnctly 
at the level of the surface, 

With no particular arrangements for dirccting light on the surface, differonecs 
in height of 0.001 fect are vory distinct quantifies; but hy speciul arrangementa for 


light and ‘vislon, difeyencos of 0.0001 foot might be onaily npprocintad, 


As this instramont cannot be offfciontly used in.a current, it was placed in the 
box G, in which the communjoation with the oxtoilor was sitelntainod by the helo Ay, 








‘ é ef a ; : 
Ex _ - a aan no Ie eee 
GAP arp, « s 

: "Th Par suche ther den ausfliss dos wassors dinch scheber, hihna, Happen tnd veniile, ly Juling Weisbach, 


Lerpatg, 1842, page 1,18 described an instiumont for obscrving he glita of water, aving 1 slight resomblanea 


eto the hook gauge; it was however usod by Boyden in a mae perfect form, several yea’ previous to the 
pubheation of that work . 
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whon, by partially obstructing this communication, the extent of the oscillations could 
bo dininshed at will, 

For the most perfect obsorvations, it is essential that tho surface of the waler 
Phould be wl vent I, however, it should oscill we a little, a good mean may be obtained 
by adjusting, the point of the hook {o a height at which it will be visible nbove the 
suniice of the water only balf tho time. 

The movable vod to which the hook was atlachod, was of copper, and graduated 
to hundredths of {6et, but, by means of the vornicr, thousandths wero measured, und 
in somo casos ton thousandths were estimated. In later, and more porfeot forms of 
this instrument; the point of the hook is imuediatuly under the graduation, 

46. The heights of tho water in the forcbay, and in the wheelpit, wao taken 
by meané of gauges, placed in tho gaugo boxes » and g, plate Tl These boxos were 
slin lay to tho box @ plete V.,in which the hook gango was placed. Both gauges 
wero graduatod lo foot and hundredths, aud both Nad the samo vero point, viz, the 
lovol of tho croat of tho weir, so thal tho differonce in tho readings ab tho’ two 
gauges, givos, ab onoo, the fall acting upon the whedl; and ‘the difforénco betwebn’ the 
floptlis of tho water on tho weir, as obsorvod “at tho hook gauyo, and tho ronédiny 
at tho gauge g, gives tho fall at tho grating. 

Tn congequonce of want of space in plate IT, the gaugo box p is nol eeeaint 
in ils uo position, —it was actually in fiont of the lead gaic, and about six Sect 
distwnt. 

47, Tho hoights of tho regulating sts woro taken at tho rack VY plato T Tho 
woighis used for mensuring the useful effect, were piccos of pigiron of various sizes, 
esch of which had beon distinetly marked with ity weight by My 0. A Richardson, 
the official sealer of woighls and measures for tho City of Lowell. 


* 


MODE OF CONDYCLING TUE LXPLRIMLNLS 


a 


48, A. soparate observer wae appointed to note onch class of dala; the tin 
of cach obsorvution was also nota, which gave the mvany of idontifying simultaneots 
obsoivitions. ‘To accomplish this, cach observer was furnished with a watoh- having 
a scoond hand;—tho watch by which tho spocd of tho whool was obsorvady Wits taken 
as tho standard; all the others were frequently compared wilh it, and iwhén the vari- 
ations execeded ten or fificen seconds, thoy wero cithe: adjusted to the standard, or 
the difforonee noted. 

This mode of observing must, evidently, lead to more preciso results than that in 


which a single obsorver, however skilful, undertakes to note all tho phenomena, or 
* * 


. 
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even geveinl of thom. By tho mothod adoplod, a regular record ix mely of the 
state of things ab vory short mtervuls, furnishing Une date for a mown rerult for wny 
required period, and also tho means of dotocting, in most oasea, bho causes of apparent 
dhscrepancios, It also relieves tho oxporimonter from tho distraction of having 
ntimerous exact observations to make in a very shorl Uime, and loaves hint much 
more at hberty to exereiso w vigilant wate over the general course of the 
experiment, 

49. As it may bo useful to experimentora, nol accustomed to this modo of 
observing, and, at tho same time, afford ‘tho render some mouns of judging of Lhe 
acouracy of the yesults obtained in iheso oxporimonts, the following oxtracta aro 
given from ‘the original noto-books, Tho exttacts include tho dala obxerved for 
experiment numbered 80 in tablo’ If. ‘his experimont is aolovted, simply, beenusa 
it gave the maximum cooflicient of offool. 


WEIGUT IN TIM SCALN 
Thincot from tho note-book of tho author, who auporintanded tha exporiments, 
1,498 Ths, 10f on, 


4H, 48, added so ee ee | OH 
_ Weight for tho noxt experiment, . . 1,624 Ila 108 ow 


SPEED OF ‘I WILERL i. 
Ficvact from the note-book of Mr, Charles Leonard. 





‘Limes nt wool tho fF E 
Dall alt ok,» ° [DUMoroncos | S| oeoneoe Tngall adr eke | Maronces 


Pedal [mt ait, lm PBooni | | min | Hocenls, 
50,00 
58.80 | 
58.75 
5875 


Nom. Tho ball atincl onc in, ovary ny revoluidons of the wheel. 
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DLEVATION OF ‘MI POINTER ON THD SULT CRANK 


lolg t of Taino ‘Uma Hog t of 
pol ator, or NECA, 
1 foot. mck “=! In foot 
0.17 


' . pat “cnitestotiroetiacesl aes darecsanne| 
0.18 * 


0.24, 
018 





14 








Norm ‘Lho gxiremily of tho pointer was 6.5 feat from the fulerum of tho bell crank. Whon tho 
horizontal avme of the bell crank woro lovel, tho height of tho pointer wai 020 fur 


” 
« a 


MHAUL OF THD WALTER ABOVE THD WHDLL 4 
Takon tn che forabay by Ary Jolin Nowol" 


be ie Tlo gh e 
Tio : _| Boats 


15,100 A 4 15,120 
15,100 | 5 0. 15,120 
15.400 16,120 
16.100 * 15115 
15.110 15.115 
16,115 16.110 
15,110 15,110 
15,100 16,110 
15,108 15.125 é 








Noir. ‘Tho top of tho wolt ia tho zc10 pomt of tho gaug> iu tho forobays 


‘s * 


WALT OF WM WALDR ATITR PASSING CT wun 7 
: Laken vin the whaolptt by WG, Lloyd Llixon, 


Tine, Volght, 
in foot 


IT, [unin __ #60, 


By 4. 
b 


6 
% 
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YRIGULS OF WG WATER ALOVE Cn Wi RY TUE WOOK GAT 


Observed ty AG. Dent Haoffaly. 










Limo Tog ty 


T 0 Meh t 
41 foot & 


Tilect 





* min wa mn see 





1.8710 
L710 
18720 
18780 
18715 
L8715 
18705 


4. LR700 
(5. L8720 
60, 18720 
16, Latha 
40, LX7 i 
LATAO 





Bl ow to | Lae T & 
1 





Vielght, 
Jin Foot 


18720 
LATE 


Nor ‘Tho amo of tho hook guigo wae 0,002 foot deluw the top of thy wor, 


‘1 * : DIRUCTION OF TUL WATUR LYAVING CUG WILE 
Observed at the vane wndea by Afr, Joha QO. Woodward. 


perme tee 


Direatlor 





wtbins mie 01 


‘Limo, 


hoe, 


u 
40, 


an, 


Ha, 


Noum Wher the vano poittod in tho* direction of tha iadiua of the wheel, 


index was 90°. 0° was in the diociton of the motion of the whoch 


“ 


_| deg. ohn, 





43] 0, 


27 0, 
fin) 
47,1 80, 
Bt 0, 


the ronding® of tho 


80, Proviously to the commencemont of tho exporimonts, the eppatatua for 

‘ siidtatitliyg the usofil effect was carefully adjusted. Tho boll erank wae balanced’ 
whet ‘eve “ere no weights in tho scale, ‘or this purposo the dink AA figure 

8, plato TV, was tomoved, and the chamber of tho hydrautic voyulstor Mod with 

water ;—swoights wéte thon applied to tho top of the bell orwnk, noat tho end 

to which tho lijdvdulio vegulatoy tas attrched, imtil the wholo was in oquilibrinm ; 

the final adjustuneribe wos: mando}. by plading a weight of nbout two pounda at 

thie axtvomity of onc’ of “thé hetlzortal arms of tho bell orank,—the arm was 
retiidiét, horizontally until o sigritil wae given, whon ib wna loft dt liberty to 


, Aesodiit; tnd tho time ovcupiétl’ in dosbending n corlain distance was notatl 5 


sot at F a 
the weighitewas then removed to tho Sxtromily of the other arm, and the samo 
process sépedied, Tho balance weighis wore alicrad until the timca of” descent 


® 


qd 


a7 a 
ab ae & 


EXPERIMENTS UPON TITLE TREMONT TURBINE. 98 


wore equal, To overcome, as inch as possible, the fiction of the fulcrum, the 
pin fornvng it was Inmeated wih sperm oT, and, during tho descent, the head 
of the pin wus struck lightly and rapidly with a small hammer. 

After: the bell crank was satishectorily balanced, the link J was reattached, 
end the brako adjusted, by means of tho saew which formed the connection 
betwoon the link and the brake, It was adjusted so thal a lino upon the brake 
was perpendicular’ to tho axis of the link, when the horizontal arm of tho boll 
evank was hotizontal ‘he longth of the brake was then moasured upon this lino 


The length of the brake as thus measured was found to bo . . 9.745 foot. 
Tho offective length of the vertical arm of tho boll crank was “600 « 
And tho effective length of the horivontal arm to which the 

fonle was hung, was... . 1. . 4 yw ew s 6000 
Consoquontly, tho oflective length of tho bias was ee ee == 10 827778 « 





61, Tho gauges in the forchay, and in the wheolpit, woo carofully adjusted 
hy lovellng fiom tho top of tho weir, ‘This was réponted by diffent peisons, 
80 aa .to vomovo nll chanao of error. af 

52 The hook gaugo was compared with the weir, by a diffrent method, 
When tho regulating gato of the turbine was shut down as tight as possible, it 
wos alill found that a quantity of walor leaked into the wheolpil, excecding, a 
Nutle, the quantity that leaked out of tho wheelpit, so that o small quantity con- 
tinued to rum over the wor, Tho principal leak into the wheelpit was between 
tho vogulating gato and tho lowor curb, tho loathor packing not being porfocily 
adjusted, The hook gango was firmly attached to 9 post, placed in tho whoolpit 
for that purpose, and at a height known to bo nearly corpech Tho regulating 
galo was closed, and aller ,tho water had arrived at a wniform state, tho height 
of the water ab tho hook gaugo was notod, and, ab tho sama time, the depths of 
tho walor on the woir were moasmod dircotly with a graduated rule To pox 
form, this accurately, a bodid, about four inches long, was held by an assistant on 
tho ores of the weir, ab tho place wheoro it was intended to moasure the depth; 
-~-tho author than applied tho rulo, proviously woll cmed, vertically, on the top 
of the weir, in front of tho bourd. On fist immorsing the inlo, the water in 
contact with it did not stand at the truo levol’ of tho surhee, but ‘food « hitle 
hollow atound the rule; it immediately commenced rising, however, and aller a 
few momentts came to a level, which was indicated by tho rofldetion of a Nght 
from tho surfice, a lamp being held by an assistant, in a propor position, for that : 
purpose, . ‘ 
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j i » just aibed, February 20th 
The depths on the weir, laken in the marmer just diseribed, ‘y YOth, 


1851, wero as follows . 
Yop sor tho onatorly 
boy of Uo welr 
Ine on 


~ 9.807 





t 8 01 tho woslorly 
Dey of tho wer 





While the heights ‘givon in tho preceding tablo were boing menanred, the 
depth sby the hook gaugo was constantly 0.08.18 “foot; consequently, by this com. 
pariion; the zero of tho hook gaugo wos 0.0012 fool below tho moan height of 
the top of tho woir, in tho wostotly bay, and 0.0018 foot bolow the moan height 
in tho castorly bay, or 0.0015 foot below tho mean height in both haya A 
similex comparison waa mindo Februay 22d, 1851, whion the zero of .the haok 
gouga was found io he 00024 feot holow tho monn hoight of tha woir, The 
moan of the two domparisons, or 0.0020 was adoptgd ax the correction lo he sul. 
tractodfrom tho roading of the hook gaugo, to‘givo the mean depth upon tho 
won, *.° 

“58, During tho exporimonts, tho lovols of tho water in the upper and lower 
canals; wero maintainod newly unifom. The height of the Inwer canal, at the 
placo whero the wator, passing the woir, foll into it, varied a little, doponding 
upon tho quantity of wator dischargel by tho whecl 1b waa highoat when tho’ 
wheel was running with tho regulating gute fully raised, and the brake romoverl ; 

» under these cireumstdncos tho surfico of tho wator was from 0.3 foct ta Oa tvvl 

below the. top of tho weir In tho othor oxporimonts with the regulating jyate 
fill, polly, iho full fom the top of tho woir to tho aurfieo of tho water in 
the Ij ggnal, wag from O4 feat to 0.0 foot, ‘Tho brackota A’ ond tha plunks 
O, figuie:,2; ,plito V,, wero not put on until aftor the turbina oxporiments wore 
concluded, so that dit water passing the ‘wolx, mot with no obstruction until it 
struck tho water if tho lower canal, ‘ 
. At will be socn. bythe oxporiftonte on tho weir, (ark, 127,) that the obstruction, 
diiised by tho planks, was" goaryely approcinble, which ronderé it cortain that the 
ance of ‘tho lower canal, in obstructing tho flow ‘vor, the, weir, must fave beon 
entix6ly. indppreciable, 

us i Bagh ys , * 
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DESCRIPTION OF TABLY I, CONTAINING TID DXPERINENTS UPON THD TURBINE AT THR 
TROMONI MILLS, 


64, The data obtained by direct observation, and the results deduced from 
thom by calculation, are. arranged together, fo. convenience of reference, in table II, 

Tho columns numbered 1, 2, and 8, require no further explanations than are 
contained in the sevoral headings. : 

55. Conunn 4, Leight of the regulating gate. The three flist experiments were 
made under .ciroumstances identical in covery thing, except that the height of the 
regulating, gate was varied a little, for the purpose of ascortaining the hoight giv. 
ing thé,ameximum coofficient of offect, Tho moan height botweon the crowns of 
the wheel, at tho inner edges of tho buckets, was 09848 feet, or 11.2416 inches; 
the curvature of the diso and forniture, however, rondared” it-nocossary: to- raise ‘the 
gate rathor more than this, in ordor to prosent tlie ‘most favornblo aperbure. “By 
a comparison of tho first thie expaimonts, it uppoars that the most fuvorable result 
was obtained, with the gate vaiged to a height of 11.60 iuchos, or a little loss; 
the sucogeding experiments, numbered from 4 to 60, inclusive, wore mado with tho 
rogulating grate raised to tho full height, or to 11.60 inches, nearly. A comparison 
of tho first three oxperimonts will show that thero could bo no appreciable differ. 
ence in the rosulls, that could. be attributed, to the small difforcnoos in the heights 
of the, gale, in the oxperiments numbored from 4 to 50, inclusive, and they avo 
accordingly all classed togethor, as oxporiments with a full gate, the small dif 
feronce in tho heights being accidental, 

‘Che . experiments numbered from 51 to 64, inalusive, wero nade with tho 
gato raised 8.65 inchos, or three-fourths of the full height, nonrly, Thoso, num- 
bered fom 65 to 76, inclusive, were mado with the gato at very nearly hol! of 
tho full height, ‘Those numbered fiom 77 to 79, inclusive, were made with tho 
gate ab about sovon eighths of:the full height, TLhoso numbered from 80 to 88, 
inclusive, wore mado with the gate at about one fourth of its full height ae 
the luat. three experiments were made with the gate raised one inch, 

66. Comma 6. “Mime The times ontered udor the heads Daginnwng, hit ting, 
of phe akpariments, axe’ taken from the notos of tho “specd of . the*whiedl,” and 
indicate tho times ‘at which the bell, attachod to the counter, wddstruck, which, 
by © comparison of the various note-books, appeared, by tho xegularity of the 
obsorvations, to be the most-suitable for the commencement and termination of the : 


experiment, ‘ ote 


* 4 


+ 
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67, Corum 6 Durahon of the evperiment, is obtained by taking the differences 
of the times of the beginning, and onding of the experiment, as givun in column & 

(58 Conuan 7% Zolal number of revotulions of the wheed during the experiuent, "Chia 
is obtained from the note-book‘ of the “speed of the wheel,” by counting the 
number of observations of the mos at which the bell waa struck; this nuubor, 
less one, multiplied by 50, which is the number of revolutions of the wheel to 
each*stroke of the bell, gives vho number of revolutions durmg dhe experiment. 

59. Conumn 8 umber of revolurons of the wheel per second, ia oblained by 
dividing the total number of rovolutions of the wheel, by tho duration of tho 
experimont 7 

60. Convun 9. Whe waght in dhe scale, roquives no oxplanation, 

61. Conuun 10, Taefud effect, or the freetion of the brake, in pounds aroirdupois, 
raised: one foot per second ‘Chis is obtaincd by multiplying together the weight in 
the sonle, and the velocity that the point of application of tho weight, tends to 
toke Ox, in olher words, the product of the weight into the velocity that tho 
weight would actually take, if, for un infinitely short time, the brake, and che 
apparatus connooling it with lhe woight, wero rigidly conneotod with tho friction 
pulley, ee : : 

Tho effective lexigth of tho brake, including the overage due ta the different 
lengthige, of the arms of the boll crank, was 10.827778 feet (art, 60) The vis 
cupiference of a circle of this radius is 680829 foot, Thix ciroumforonce fa a 
constant fot all tho experiments in which mny usoful effect waa produced, and 
colin 10 was obtained ‘by tho product of this constant, the weight, ani the 
number, of revolutions of the wheel por second, Tho computation waa performed 
by ‘logarithms, and if tho results given in the tables should be verifled by uctual 
rnultiplications, minute differences would, no doubt, bo detected. i 
e §2,. Convuns 11 and 12. Leghls of the water in tha forebay and in the wheolpit, 
Hiege heights are all xeforred to tho top of the wait, consequently, tho differonaga 
give; the IL noting uyton the wheel. : 

68. Comuy 18, otal fall, aolng upon the whee, Thora ave the differences 
referred to dhgthe last , santenge, _ An experiments 27 ond 28, observutions woro 
taken in tho vontilating pipe @, plato I, for the purposg of estimating tho losa of 


fall,,to this part of ‘the supply ‘pipe sit was nol convenient, however, to measure 


“these: heights with gompleto, dosuragy, In oxperiment 2%, tho height of the wator 


in i. yontilating pipe ‘was 0,106 foot below thé leyel in tho forcbay ;—~ in experi: 
ment. Sythe difference was found 00 be 0,102 foot;—in' experiment 80, which 


" ie se coefficient of affect, the quantity of water discharged by tho 


wheel,' wag‘ ‘fi ttle loss thon in dither experiment 27, or 28, Wo may, therefore, 


' 
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concludo, that when tho regulating gate was fully raised, and tho wheel runing 
with tho velocity giving the maximum cpcfficiont of offset, the fall acting upon 
the wheel being 12.908 feot, the loss of {yl from the fcrcbay to the ventilating 
pipe, was very nearly 0.10 fect. 

64. Conumn 14, Depth of wate on the weir, Tho depths on the weir wore 
obsowved with the hook gauge, described at at. 45,” 

65 Conumn 16. Quantly of water passing the wer. Thoso quantities havo been 
calculated by the formula , whet 


Q = 8.85 (7— 0.1 nh) 28, 
in which i’ . cy 
. Q = Quantity, in oubio fect por socond, 
ey The total longth of the woir, in feet, ae 
t opted The numbor of end contractions in tho weir. be 
hee Tho doyth on tho woir, in feet, Ao Sea & 


PS 


* 


"= Th ie unnocossury hero to disoss thd rétions that*have inducad the mithor £6 
adopt this formula, so different fiom any" that ‘has been used heretofore, as*the 
subjeot is fully considered in another part of this work. 

A small quantity of water entercd the wheelpit without passing through the 
wheel; thero was also a small quantity that leaked ‘out by passing through the floor 
of tho whoclpit; tho Inttor quantity, when the depth on the weir was 0.496 feet, 
was ostimatod al 0.409 oubio foot pdr sodobds soo art, 180, As these quantitios 
wore yory minute, and tended to ‘componsato’ éach other, thoy have been negledted, 
arid tho quantity computed o8 passing the woir is taken for tho’ quantity discharged 
by the wheel. ; Saat ces 

66, Convumn 16, Zolal power of the water. This edlumn is obtaised by multi- 
plying together the jotal fall acting upon tho whoel, tho quantity of water passing 
the wolr poi accond,and the weight of a oubid foot of water, The temperature 
,of tho water was constantly at 82° Fahronheit, it was newly pure, and the weight 
bf & oublo foot waa taken at 62875 pounds avoirdupois. 

“tho ‘water of tho Morrimack River is always romarknbly frec fom imputllibe, 
hold'‘in ‘zolution, Mowing, as ié does, fiom, and through a primitive forhatton,” bov- 
ered” Wwiek" 0 storilé oil, In midwintor, at which season these oxparieéhtt’ wore 
meide, if 48" mors Thad ordinarily pure, as at that season the auntie the coun- 
try ia’ usally coveted. with snow, and the adil frozen to a cohdlfernble depth , 
the river’ iteelf, Whetovar it flows with a mddornte outteht, is frovén over, so that 
heavy cartingos gan" dlton pag with anfety, ‘and at M6 time When these oxpori- * 
ments were mado, the river for ‘about eighteen *hiloé héfore it reached the; turbine, 


* 
‘ 


ed at “hs 


* 
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yvas covered with a solid conting of icc, with somecly an opening ‘i the whole 
distance When tho viver is thus frozen, the water (lows along under the ive, 
Ghtirely froe from floating pariicles of ice, even in the must revere wouthen 

‘Ag the author had frequently felt the want of a table of the absolute weights 
of a oubio foot of water at diflerent tempo.atures, he, several yenra since, com 
puted the following table 

In the Bneyclopedia Britannea, seventh edition, vol. 21, page 810, ia given the 
following exhact fom the British act of Partiamont, establishing tho standards for 
weighis and measures, 

“Provided always, and be it onacted, that in all cases of dispulo rospecting the 
correctness of any measure of capacity, arising in a place whore recourse cannot 
conveniently be had to any of tho aforesaid verified copies or modela of the 
statiddrd measures of capacity, it shall and may bo lawfw, to and for, any justico 
of thé pence, or magistralo, having juisdiction in such place, to oacortain tho cans ’ 
tent of such monsuro of capacity by direct refoyence to the weight of pure or 
rain watur which such moasure is capublo of containing; ttm pounde avoirdupoia 
weight of such water, at the temporatwo of 62° by Fahronheit's thermomeler, being 
the”stahdard gallon ascertainod: by this act, tho same being in Lik equal to 
277.246; 1822 (1828, 277274) 'oubio inches, and so in proportion,” ote, 277.274 
oubi® Stighes whs talton, as it appenied {o bo tho latest. determination. 

Ta tho fist volume of the Zhaile de Chinie, by J J Borseliua, second French 
edition, Paris, 1848, thate i8 given a table of the apocifle giavilioa of pure water, at 
different tomperatures of tho contigrado scale, deducod from Ilnelletroom'a experi: 
ments + ‘ « 

From these tivo authorilios weve derived the date for the following table, 
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ay 


. TABLE I. 


WEIGIVL OF A CUBIO FOOT ‘OF PURE WATER AT DINERENT TEMPERATURES. 






































SSR Pog CEErIC PACETaT Ree =NTeTTRRSS PHERERNG FACES TS 
ox porat ito, | WE wht nate ofa | Le npornts Wo hb ns ots Zo nporatara, West Inte of 8 ofs 
a,ileareet of oubls foot of puro fin deg cos. oul 6 foot of jure }i1 ograts of fle foot, f AW * 
wror Po da J Fnhro tots eee Pounds | ¥atrenholt’s | witor Pou 
Brig sta —tvolnd pos fitermo ater avaint diem’ 9 lor |" avtiino a 
. ao | 62.875 69 62.278 
i 62877 70 62.272 
i 62.878 7 62,264, 
8 2.879 12 62.257 ; 
| 86 2.980 78 62.240 ; 
‘ ‘ 87 62.981 14 62.242 
grr 88 62,881 75 62,284 
Be BD rmaxy) 62.882 76 02.225 
tote 89,88 62.982 "7 62.917 
Yuh to 40 02.882 78 62208 3 
my 4t 62.881, i) 62,100 * 
ttn 42 62 ee 80 ont ee 
48 62.880 8 aS 
44 "| 69.879 Bos | opura “usabim, o 
48 62.878 83 62 162 Ser 
48 02 876 84 02.152 ae: heh 
47 62.875 85 * 62,142 
02,878 86 02.182 
02.871 02.985 






07. Conmin 17. Ratio of the uncful effect to the power expended. This column is 
obtained by dividing the numbors in column 10 by those in column 16. 

68. Corum 18. Velocity due to the fall acting upon the whecl The nughoys in 
this column have boon calculated by the formula nat 


* 
va gh 


PVs= tho volocity in foot por socond 
g == tho velooliy acquired by a body at tho end of the first secorid of its fall 
in a vaouam. 


Ase tho fall acting upon tho wheel; thie is given in column 18. 4, 
Siefs 


The value of g has been calculated by the formula given in tho eseoond 
edition of the Zrailé D' Lyd aulique, by D'Aubuisson, pngo 6, vin — Coa 
; ; g == 9" 8051 (1—~ 0 000284 cos 2) (1-2 7” ‘ee 
being the latitude of the place; «, its clevation Ren wil 6 tévol of the sen; 
and 7, tho taditis ofthe terrestrial spheroid, at the ley) ofytberéen, and at the place ;- 


{ ve 686407 (1-}-0,00164 God 82) } 
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Tho lautude of Lowell, ag given in tho Amoriem Alminnc, in (8°, Sh, Ae, 
and the height above the sea is known to he nboub 26 metres. With thos deta, 


the above formule gives, in fect, : 
g = 82.1 61 8 


69. Coumn 19. Volooly of the indertor cireunferenca of the wheel. Tho dianetw 
of the cirole inser‘bing tho inner edyes of tho buokola, is G75 fuets roa url. 3, 
Consequently the interior civeumforonco of tho whoel is 21.20676 wut, ‘Tho produut 
of this number into the number of revolutions per second, given in column 8, 
gives the numberg in column 19, . “ 

70, Conus 20, Raho of the velocity of the inlertor aireumference of the heel, to 
the veloottif “due to the fall acting on tho wheel ‘This column ia obtained hy dividing 
the sntinbers in column 19 by the covesponding numbera in column 18% This 
colunitt’ indjontes the relative volocitics of tho whoel, in the different exporimonta, 
eliminated fiom tho effects of the variations in the fll acting upon the wheel, 

TL. Comin 21. Quantity of uuter which poseod tha wheal, reduced to a uniform 
Jall of thuteen feet Tho numbors in thia column are obtained from those in col 
umn 15, iy the followitig moennen ‘ 


: eovt > ; ‘ 
re =the observed fall acting upon the wheel, 
ae Q==tho observed quantity. ‘ 
@ = tho quantity that would havo passed the wheol, if the full had been 


rs _ thivtoon Mot, instead of JJ, all other chowmelonees being the same, 


de a 


As tho qitantity of wator discharged by the wheel, all othor things being 

equal, will vay as the square root of tho full acting upon. the whool, wo have 
- yr: Q@: vit: Q 

therefore 4 Mees fee Qy/ th, 

“ae ety lek : ovir 

The, atintitlos »glvon . in column 21, have boen cafoulnted by this formuln. 

720 Ode by, BRC aa Of the reduocd quantity t colunt. 21, to the redueed quantity 
in eupep mont’ BO, igs ea given, in this colunin, inclonte te relative quantities 
discharged by the ww fadl-in the diffevent exporlmonts, eliminated from the offeots 
‘dows to tho variations -in tho f{hlj; deting upon the whedl; {he reduced quantity 
in experiment 80 is‘taken as whlty; that oxperiment. giving-tho maximum coolly 
cient “ob atfort., Tt will be soon. -by’ a, o¢mparison- of eolumna, 20-and 22, that the 
quantity» lScharged by the whool, whap the gato is fully raised, diminishes regu. 
larly with“! fe valooity, The quantity discharged is a minimum in experiment 42, 


‘ 


’ 
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in which tho whool had tho least volocity, In experiments 48 and 44, however, 
in which the wheel was prevented from revolving, by screwing up tho brake, tho 
quantity .dischargo was considerably above the miximum, ‘Whether this is duo 
4o an accidental position of tho buckéts relative to the guides, presenting aper- 
fures moro favora.le to tho dischatge than the average of all positions, or whether 
it is due to some mord goneral causo, tho‘anthor is not aware, 
78. Conuan 28. Duoston of the water leaving the wheel, as tndroated yy the vene 
The angles given in this column show tho position of tho vano, relative to a line 
passing Uhrough the .axis of the vane, and parallel to v tangent drawn through 
the point in sthe circumference of the wheel, nearest to tho axis of the vane, 
zoro boing .dn..the direction of the motion of the whael, Tho apparatus with 
whioh; tioag eng 6s wore talcon, is described at art. 438. In tho cxporiments made 
whiort tha} gato was fully raisod, or -nerrly so, tha vano opeinted satisiotorily; but 
nb thas lio! {ght of tht gato wns diminished, the indications of the vane became 
“toy ‘wnqertain, <The vane was of nenily the some height as tho orifloes, in the 
: Nageocior circumference of the wheol; this was vory suitable for the oxperimonts 
with tho gnto fully raised, bub in tho experiments with the gato partially Y ied 
a portion ,of tho height of the vano, was exposed to irregular currents, W which 
., probably interfored seriously with its operation, Tho observations mado with tho 
‘vano in the exporimonts in which thd gato was prvtinlly raised, are much less 
to be relicd on than thoso mado when the gate was fully raised, tho yaluo of 
tho indications being, in somo degree, proportioned to the height of tho gato. 
4. Corum 24. Mean elevation of’ the’ “pointer on the bell orank Tho numbors 
in this column indicate the mean positions of the bell prank, dyzing the experi. 
ments, in reforenco to a gauge placed 6.6 Sect from | the falorum ofthe bell 
+ rank. It will be soen by tho table that the men positions’ differ but httle 
from the horizontal; the pointor was howevar geborally a little below, which 
indicates that tho. weight was gonorally hfled a little too high 

The ploy of tho byole was conflned betwoen two fixod stops, placed so that 
when tho pointer stood nt 0.20 foot below tho hovizontnl, tho brake struck, — 
and it -tyock the other stop when the pointer was nt 021 feet above the Howie 
zontal” ‘The brake Was not allotved, however, to touch cither of the etoyanignny 
of thio oxperkmnante yoportod, in which it was undertaken to regulate’ ¥Ection 
of tho brake; the fict that it did touch was deemed ao suMoiente seteo on rejeot 
thé axporimentt.’, Little inconvenience, ‘however, wag oxperiendéd “feos this CRUE, | 
as tho liydidiilie rogiilator ane my pexfoat oahteal ovokt Shahi 
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DESCRIPTION OL LIM} DIAGRAM TEPRESENTING THE TXYPRIMEN LS, 


78. For the purpose of presenting a general view of Uho experiments, tho 
coeficients of effect, at different velocities, are plotled at figure I, plate Vi, on. 
system of codrdmates, ‘Tho ratios of the velocities of the interior chet wforenee 
of the wheel, to the velocities duo the fall acting upon the wheel, given it 
column 20, table IT, are takon to ropresent the velocities; these sutios are here 
called the velocities, and aro takgn on the axiy of absvisny A; the correspond~ 
ing coefficients of effect given in column 17, tablo TI, aro taken ipon the axis 
of ordinates AY. 7 

76, Tho line CD represents the oxperiments male with the regulating gate 
fully raisod;—to avoid confusion a portion of the experiment tre oniitlerd yo 
the experlnents ropesented are thove numbered Bom 4 to 42, inelusive, whieh 
wero mado in rogulary sequence, with gradually inerensing weights Th will by 
observed in the table of experiments, that several trinkk were mady with Cie luk 
enticly removed; thoso were made, generally, alter the wheel lad beon lit for 
some time, for the purpose of seoing if il wes in as good running order i ttl 5 
if ony material chango had taken place, ib would have been indionted hy a chinige 
in the velocity of the whool. 

The expetiments thus made, omilling experiment 12, in whieh the height ju 
the whoelpit was not obsorvad, are colleuted together in the following (uhle. 
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The grentost variation in theso velocities ig in oxperimont 18, which ix Aa 
part below tho mem; the running condition of tho whool minst, consequently, 
have been nearly uniform, 

Tn all the experiments with the brake removed, the cooficient of ufeat, af 
course, is nothing, and thoy would he represonted on the diagram by pointy on 
the axis of abscissas; for the sake of distinctnoss, only ono of thoxe tried when 
the gaté was at its full height, is represented on the diagram, 
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There is a small irregularity in tho line CD, at numbers 26 and 27; both 
theso oxperiments woie mado wilh the same weight in ihe scale, and under sim- 
ila civoumstances, excopt tat in 26, water was usod to Iubricate tho friction 
pulloy, and in 27 oil was used. 

It has been stated, that, with heavy loads, the brake opeates much more 
ateadily with oil as a lubricator, than with water, and the change in the Iubmea- 
{or wh vaperiment 27, was made in consequence of the difficulty expemenced by 
tho operator, in regulating tho tension of the brake scrows, In experiment 26, 
nearly his whole slrength, applicd 1o tho extremily of a wrench about three foet 
long, was required to move the nuts, whereas, in exporment 27, the samo opora- 
tion was performed with great couse. Experiment 26 was of much shorter dua- 
lion than experiment 27, and a portion of the discrepancy may bo due to a 
proportionally Icss poxfoct observation of tho data in 26, 

The lino @D shows that, with a velocity of tho interior circumference of tho 
whool not less than 44 or more than 75 per cont of that duo to tho full, the 

“usctul offeot is 75 per cont. or more, of the total power oxpenced. Beyond 
theso pointy, tho chango in the coefficiont of offeat is nearly oqual for equal and 
opposito variulions of speed; thus, the diagram indicates that the coofhcent of 
effect is 70 por cont. of tho powor expended, at the velocities 0.860 and 0.884, 


0.436 — 0.360 = 0.076 
0.834 — 0,750 = 0,084, 


Trking the mean of the extremo velocities, that 14, of 0, when the wheel 
was slill, and 1.835, when the brake was removed, wo have 
: HOMES = 0 6675. 
which is not fur from the velocity giving the maximum cocfficiont of effect; 
that is lo say, when the gate t fully raised, the cocficunt of effect is a mavmum 
when the uhet ts moing with about half its maximum velocity. 

77. Txperiments 48 and 44 were both made with the gato fully inised, bub 
the wheol at rest, tho brake being screwed up sufficionily tight to provent the 
wheel from revolving;— thoy wore made for the purpose of nscertaining tho total 
offort that could bo exorcised by the wheel. 

By reforenco io column 9, of tho table of experiments, it will be scen that, 
in expovimont 48, the weight sustained was 4213.38 pounds, and in 44, the weight 
was 8946.88 pounds ‘These experiments were mado undor circumstances nearly . 
idontical, except that in 48, the weight proponderated, and in 44, the power of 
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the wheel propondorntod. In 43, tho weight was the lew thal wonld enti Uh 
scale to Jower when the boll erank wax placed horizontally, and thon let free; 
on the othor hand, in oxpenment 44, the weight waa the groatoat thet won 
allow the scale to be raised under tho ame cirowmstimecs; that ja to aay, ine da 
the weight roprosents the force exercised by tho water against the wheel, pins 
the fiction of the ontire appmatuy, and in 44, the weight representa the sane 
thing, minus tho friction; the difference of the woights, ar ASAE 3010.98 az LOT 
pounds, represents double the friction, and the ue forea exereisod hy tho water 
against the wheel, is roproxented by tho weight 


’ Seuss == 4079.88 pounds, 


This weight acted at a distance fiom tho centre of tho wheel, equal to tho 
effective length of the brake, or 10,827778 feet (art. 50). 

Tho radius of tho turbine, at tho outer oxtremities of tho bnekola, ia 4.116 
foot (art, 85), consequently, the equivalent Jorco acting langentiully at the outur 
exwemities of the buckets, was 


ee == 10058,1 pounda, 

78, Tho line #F reprosents tho oxperimonts munbered 77, 78, and 70, made 
with the gate raisod 996 inches, or abont 87 per cent. of the full height Ry 
a reference to the inble of experiments, it will be seen that, although the regu 
Jating gate was lowered 13 per cont, tha quantity of wnter discharged by tho 
wheel was diminished loss than one per cont , 

79 ‘Cho line GIT yepresonis the oxporiments numbored from 61 to 04, inclu 
sive, made with the gate raised 855 inches, or about three fourths of the full 
height. . 

80, Tho line LK vopresonts the experiments numbered from 68 to 76, inclu 
sive, mado with tho gate raised 6,06 inches, o: neatly a half of the full height. 

81. Tho line ZA represonts tho oxperiments numbered from 80 to 87, inclu. 
sive, made with tho gato vaisod 2.876 inchos, or ono fourth of fits full height. 
Experimonis 88 and 89 wero made with the anme height of gale, but with tha 
wheel held fast by the brake; tho force oxortod hy the wheel ab the distuuee 
10.827778 feet, independent of fviolion, was 


“Tagbog 2h == 1124.65 pounds, 
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82 The line AO ropesonts the Unce experiments numbered 90, 91, and 
92, mado wilh the regulating gato 1aised ono inch. . 

An exammation of tho diagram will show that the velocity corresponding to 
the maximum cocfficient of effect, dimimshes with the height of the gato, For 
heights not less than one fourth of tho whole height, this diminution is sufficiently 
regular; for heights less than ono fourth, the experiments are not sufficient to 
indicate the velocity giving the best offect, but tho diminution is evidently more 
yapid than for greater heights of gate. 
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PATI DESCRIBED BY A PARTICLE OF WATIR IN PASSING TTROUGH TID WHITL 


88. As in many other problems in hydraulics, resort is hore had to a pm- 
ticular hypothesis, which, at best, is only an approximatior to the truth, novaithe- 
loss, iL may bo the moans “of throwing some light upon the modo in which tho 
water acts upou the wheel. 

Tho particular hypothesis here assumed is this; every particle of water contained 
in the wheel, situated at the sane distance from the avis, moves in the same direction 1 claulwe 
to the radius, and wih the same veloly. According to this hypothesis, tho succossive 
sections in which the samo particles of water are found, are in cylindiical surfiees, 
concentric with 11¢ wheel. 

Applying ths hypothesis to experiment 80, on tho [remont Twhine, let us 
BUPPOsO 


Q’ == the moan quantity of water discharged wrough each aperture of the 
- wheol, in cnbie fect per second, 
w= the angulur velocity of the wheel. 
tis= tho vadius of the circle inseribing the inner edger of the buckets, or 04, 
figure 8, plato VI. 
R'sz tho radius O23, 
t= the tine ocoupied by a particle of wator in passing from the section A.D 
to the section 2G, or, which is tho samo thing, through tho 1ndal 
distance 2’ 
Azz tho arerv of ABCD, in square fect 
W==the mew height, in fect, between the crowns of the weet, between tho 
sections AD and BC , 


* 


Wo have F 


7 
Alf= the volumo of water contained between the secticns AD and BC. 
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tis the time ocoupicd by a particle of water in posing from tho xeotion 
AD to the section BO, and it will ovidently bo the time required for tho dix 
charge of the volumo AZZ Wo find? hy the proportion 


els 
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Tf the wheel was at rest, a particle of water at a would airivo at 2 in tha 
ume 7%, but the wheel is moving with the angular velocity a, therefora the point 
B, in the time 4 will have advanced tc 2 and 


® 


BE Rolo 

consequently, a particle of water at A, instead of boing at Jf, al the ond of 
the time /, will have anved, by some pith, ab the point 2. In thie mene, 
by taking successive values of 2’, sulliciontly near lo” oach other, tho entire path 
of a particlo of water, fom ils ontrance into the wheel, up to the mument of 
ity duwchurge, muy be traced; aul ay, Ly the hypothesis, all the purticles at tho 
seme distance from tho axis move with the same velocity, and iu the wane 
relative direction, tho path of the entiro stream, from ils entree inte the wheel 
to its discharge, will be determined. 

In exporiment 80, wo havo the total quantily discharged hy tho wheel equal 
to 1381802 oubio foot per second, as the wheel hes forty-four npertures, 


Qr cae URI = 8.14000 cubie feet por aecond, ° 
The velocity of tho interior cireumforonco of the whool wna 180474 fect per 
second, and the intorior radius of the wheel being 8.576 foal, we have 


1801 
om ae == O S174 fect por second, 


consequently, 
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* 84. The succossive steps in the cvloulation for tho ontire path, are given in 
table TIL. . 
The ares of civcles 7 4, ILE, ete avo drawn on a plan of the buckets, fguro 
° 2 plate VI, with the radii contained in the first column. 
Conumn 2 contains the entire arons of thoso circles, 
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Corum 8 contains the areas of tho ings comprisod between theso cireles, 
which avo obtainod by taking the differences of the successive arens in column 2. 

Cowan 4 contains tho areas reduced to square feet, of that part of each ring 
corresponding to a single aporture in the wheel, including also the area occupied 
by the thickness of the corresponding part of one bucket 

Conuan 5, Corrections for the thickness of tho buckets; those arc deducod 
from measurements talon on a full sized plan of tho buckets. , 

Conumy 6. True arcas of the partial xings, being the differences of tho cox 
responding areas in columns 4 and 5, 

Conumy 7. Moan heights of tho partial rings;—thoso aro also takon from a 
full sized chawing of the wheel. 

Coruan 8. Volumes of tho partial rings, or tho products of tho corresponding 
numbers in columna 6 and 7, 

Coumm 9, Volumes botiwoon the radius 2, and tho successive yaluos of the 
radina RB. Thoso aro obtained by adding together tho volumes of the partial 
rings, up to tho corresponding radiug;—ihoy are tho succossive valuos of A 77 

Conuatn 10. The ordinatos;—theso are successive valuca of 


1.7026 RA I, 


the successive valuos of 2’ being taken in fect, instead of inches, as they ave given 
in column J, 





’ TABLE Ith. 
1 a 3 A 5 6 7 8 $3) 10 
an Oral ates 4 
Vahuvof | Arona cvegiare | Arca ofth wow | Correo on fr] Lr onvons of Monn teil Yo. raottio|  Yolumes foct, ¢ 
Ryd [noliew af stile) aqatteo Inetios | of tin vi age | Mie hirktiees | tio ynrdtal ‘of Uv atta Yeas hotewon & an sired on 
Hermes | oft ni tf af thy Yeo Inst {oft eb coli ot yt pt al ge Ue wuceies vo | aver of tie 
Nowmef tthe date Ie 1a com oto ungs ou aL Inquire fort {age Tp fu, et vn tec Eae en ‘tng 
wim Ayn ro Rot O wie foet hats 
ol nn 








netremereemene| i cameron ecetfeee qemmieertin + 4] este ey mteneeeiee 


A065 OLEY.907 
qh h GILOCOd | QH7ZGLL | 0.01066 | 000001 | 0.08975 | 0.9261 | 0.08682 | 008082 | 02168 
ARS HOTA HOY | BCR | 0.0 165 1 0.00099 | 004066 | 0.9080 | 008002 | 007874 | 04147 
436 BY L027, | 270.177 | 0.01264 | 000100 | 04158 | 08040 | 0.03717 | 011001 | 0.6845 
dA G2RLIBE | 276.400 | 00I863 | OOOLIS | 0.04248 | 0.8840 | 0.03755 | 0.14846 | 0.9878 
AM GHOSBBY | 2WAv7LI | 00d O2 | 000128 | 0OdB3d | 08775 | 008803 | 018019 | 12080 
Abad O7°2 900 7 QBEORT | 1.0562 | 000146 | OOdLLG | 0.8755 | 0.03806 | 0.22515 | 14851 
A785 FORRQLY | BOHGON | 0.0AGGL | 000174) 0.04187 ] OR800 | 0.08940 | 026401 | 1.7880 
HS FART | 801598 | 0.01760 | 0.00212 | 0.04548 | 0.8920 | 0.04057 | 0.80621 | 21009 
49,0 THARNGI | 173163) 0.02117 | 000138 | 0.02279 | 0.9055 0.02064 | 082685 | 2,.26fd 
A925 7 7020128 FTAG | OO1I8 | 0.10078 | 0.01140 | 09145  0,01042 | 088627 ) 2.9498 
4.50 | 7007,087 97.558 | OOL224 | 000087 | 001187 | 09210 001047 | 084674 | 24382 
A974 ARK 638 TULISL | 9. 9, 01280 9.00081 | 0.01119 | 0.0277, 001066 | 085740 | 26228 | 

















6 


49, EXPERIMENTS UPON TH TREMONT TURBIN(: 


85. The aes FG, IG ete, figuro 2, plato VI, are liken equal to the ull 
nates 0.2168, 0.4447 oto, in column 10 of the tablo; Uke penis & es, oe Ay 
are joined by a linc, which ig tho limit of the alreamn on one side. ‘Tha Thnit 
on the other side 1s found by making tho ares @ l= PN, 4 Af== HO, otes 
the points 2, L, AG ete, 2, bomg joined by a lino, givo the limits of the wenn 
on thig side. 

86, By an mspection of tho figue, it is plain that, in exporimont 80, tho 
path of the water through tho whecl must have beon a continuition of the 
direction given to it by tho fixed guilos 71, and that thero was no sudden 
change of direction or velocily, up to o point near where the wtor wars din 
charged from tho wheel ‘The abrupt changes at this point, fudiented hy tho 
figure, could not, in roality, have taken place, ax wo know hy tho rection 
assumed by the vane, which is represonted ab 87! in ily mean position during tho 
experiment. 

87. Tho foregomg hypothesis will evidently lead to results more newly cow 
1eot, the noma the buckets ave to cach other, until, in the caso in whieh the 
spaces between them aro infinitely smal, it will give tho path aceuntely. In 
applications like the naboyo, where tho spaces aro very considerable, it ia aeamuodd 
by the hypothesis that tho wator passes Uhiough in curved luniny, suporiniposud 
on each other, tho first of which, in contact with tho concavity of the bucket, 
is constrained by ib and tho rotation of the wheel, to move in a particular 
path; this, in its inrn, constrains the uext Taming to move in a atmiha path; 
and so on, 

By an inspection of fignre 2, plato VI, ib iy reasonable to suppose, “that i 
lamina, far removed from tho conoavily cf the bucket, will tnko a path differing 
from that of a lamina near it; tho abripinesa in tho curve nen its oxtrunity, 
will be diminished, somewhat in proportion to the distance of tho Jumina trom 
the concavity of the bucket, the water passing out from the wheel mors 
nearly in tho direction in which it was moving, during ilk approach to the 
cweumforence of the whecl, Theso views go fir to explain the dixerepanry 
between tho path determined by tho hypothesis, and the direction asmumerd hy 
the vane, 

88. Whatover objection may bo mido to tho mothod hy which the path, 
givon in figure 2, plato VI, is obtained, it cannot bo deniad that ite gener 
course must have boen noarly as reprosentod; this bong admiltod, i ia dificult 
to seo how centrifugal foreo can operate in the imporlant mouner that is com 

, monly assigned to it, ‘The path is concave to tho axis only in a very slight 
degice, and through a part only of its course; nevertheless, ik ig ouly in con. 
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xaquenco of a concavity in the path, that contrifugal force can have any exist 
ence With the gato only partially raised, this foree may acl powerfully in 
inereasmg the discharge, and a similar offect may be produecd, at high volocities, 
with the gate fully iuised; but in experiment 80, giving the maximum coefficient 
of effect, it can have had only a slight action, 


Ad 


RULES FOR PROPORTIONING TURBINES. 


89. In making the designs for tho Tiomont, and other Gabingy the author 
has been guided by tho following rules, which ‘he ax been Ted to by in vom 
parison of soveral turbmes designed by Mi. Boyden, which have heen eurefully 
tested and found to operate well. 

Rule ist. The sum of the shottest llistances between the buckets xhould be 
equal to the diemetor of the whovl 

Rule 2d. Tho height of tho orifices ab Uke ciroumforonee of Une wheel, should 
be equal to one tenth of the diumotcr of the whoel. 

Rule 84. Tho width of the crowns should bo four tines tho shortest div 
tance between the buckets, 

Rule 4th. The sum of tho shortest distances between the curved juidex, diken 
near the wheel, should be ogual to the interio: dimneter of the wheel. 

The turbines, from a comparison of which the ubove ruler were doviver, 
voried in dimmotor from iwenty-cight inches to neatly one Inmilved inches, and 
operated on falls from thirly feck to thirtoen foc, Tho author holioves that 
they may be safely followed for all ‘fills betwoon five foot and forly foot, and 
dor all chameteis not less than two foot, and, with judiciows arrangementa in uther 
respects, and careful workmanship, o usoful effect of soventy-flva pee cent, of the 
power expended, may be rehed upon. For filly groator than forty feet, Uha 
second rulé should be modified, by moking tho hoight of tho orifees amuller in 
proportion to the diameter of the wheel, 

90. Taking the foregoing rules ns a basi, wo may, by ald of tha experk 
ments on tho Tremont Turbine, establish tho following formulas, 

Let D =the diameter of jhe wheel at the outor extremities of tho buckets, 

d= the diameter of the wheel, at the intorlor extremities of tho buckets, 

I== the height of tho orifices of discharge, al tho outer oxtremitios of 
the buckets. 

We== the width of the crowns oceupied hy the buckets, 
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N= the number of puekets, 

a==ithe number of guides, 

£2 == tho lorse-power of the tnbine; a horse-power being 660 pounds 
avoir. yaived one foot per second, 


A= the fall acting upon tho whool. j 
Q== the quantily of water expended by the turbine, in cubie fect por 
socond, 


Vez tho velocity duo tho fall acting upon the wheel. 

V’ == the velocity of the walter passing the narrowest sections of the wheel. 

v== the volocily of the interion circumference of tho wheel: ‘all the veloci- 
ties being in feel per second. 

O== the coeffiaent of or the ratio of the real velocity of the water 
passing the narrowest sections of the wheel, to the theoretical 
velovity due tho full acting upon the wheel, 


The unit of length is the Thglish foot 

Ib is assumed that the useful eflech is soventy-five per cont. of tho total 
powor of tho walter exponded. 

According to rule 1, wo have the sum of tho widths of the orihces of dis- 
charge, cqual to D, Then the swn of the areag of all tho orifices of discharge, 
iy equal to DZ. 

By the fundamental law of hydraulics wo have 


3 Ve yayh. 
therefore 
; ; V' x= OYyii. 


We can find the value of Gin the Inst equation by experiment 30, on the 
Trenont Tubing Th that whool wo have for the sum of the widths of the 
orifleos of clitchargo, 44 x 0.18757 = 8.26808 fool, and the height of tho orifices of 
ischnyge == O.03(4 foot, Then we have, for the sum of the arenas of all ho oi 
fices of discharge, 


ATD = 8.25808 X 0.0814 == 7.68602 square Lect, 


* 


By experiment 80, wo havo 
Q == 188.1892 oubic fect per sccond, 

A==12.908 feel, 

V2.9 = 8.0202 fect, 


4G RULES FOR PROPOR LIONING TURHINES, 


consequently, 
138,)809 == 7.08092 X 8.0202 V12.808 O, 
or O== 0.084. 


By rule 2, wo have W==010D: 


then UP=0 0 D4 
and Q=2 UDV' — 0.10 24 OY 2y4, 
or r= 05 DV. 
Calling the weight of a cubic foot of water 6283 pounds avoir, we have 
Pax gy 


—™ 850 


or P == 0,085 QA; 
ov, substituting tho value of @Q just found, 
P= 0.0125 Dh fh, 
from which we may doduce _ 


Dx 4.85 y/_P. 
Avh' 

92. The number of buckets is, to e certain extant, whilrary, and world wally 
be dotermincd by practical considerations: some of tho ideas to bo kept in mind 
ave dhe following. 2 

The pressme on cach buckot is lors, ad the number ia grenters tha greater 
number will therefore pounil of the uso of tho thinner iron, whieh ia important, 
in order to obtain the best results, ‘Cho width of the erowna will be Jesse for 
a greater number of buckcls: a narrow clown appena Lo bo fivoralile ta the 
useful effect, when the gate is only pattinlly .oived. As the apnees bolwoon the 
buckets inust be proportionally narrower for a lmagor numbor of buekota, the 
liability +0 become dhoked up, cither with nndhor ico, or othar rubslances, is 
inereased. ‘The amount of power lost by the fiction of tho water ngniuet the 
surfaces of the buckets, will not be materially changed, as the total amannt of 
rubbmg surfree on the buckots, will be noarly constant for tho samo dinmoter: 
there will be a little less on tho crown, for the larger numbor, ‘The coal of 
the wheel will probably increnso with tho numbor of buekela The thickness 

* and quality of tho iron, or othor motal intended to be used for tho buckets, 
will sometimes be an element. Tn somo waters, wrought ivon ia rapidly corradled. 
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Tho author is of opinion that a general rulo cannot be given for the nmn- 
her of buckets; among the numerous torbincs working sntisfactoiily in Lowell, 
there are examples in which the shortest dis.ance between tho buckois is as 
small as 0.75 inches, and in othas as large as 2.75 imchos, 

As a guide in practice, to be contiolled by particular circumstances, the fol- 
lowing is proposed; 40 be limited 10 diametas of not less than two feet; 


N=3(D-+ 10). 


Taking the nearest whole number for tho valuo of ©. 

The Tromont ‘Turbine is 8} feet in diameter, and, according to the proposed 
rule, should havo fifty-five buckets, instead of forty-four. With fifty-five buckets, 
the crowns should have o width of 7.2 inches, instead of 9 inches; with tho 
nurower width, it is probablo that the useful offecl, in proportion to the power 
oxponded, would havo been a hitle greater whon the gate was partially raised, 

92. By tho 8d rule, wo have for tho width of the crowns, 


meee § 
= 3 


NV 
and for the interior diamoter of tho wheel ' 
— 9.8) 
d= D “Wr 


By the 4th rule, d is also equal to the sum of the shortest distances between 
the guides, where the water loaves them. 

93, Tho number 2, of the guides, is, to a corlain extent, arbitrary; “the 

~ptactico ab Lowell has been, usually, to havo fom « half to thioe fourths of 
the nuniher of the buckets; exnotly half would probably bo objectionable, as it 
would tend to produco pulsations, or vibrations, 

M4, Lhe propor velocity to be given to the wheel, is an important consi. 
eration, Experiment 80, on the Tremont Turbine, gives tho maximum coefficient 
of effvct for that whol; in that oxporiment tlo velocity of the interior cireum- 
facnes of tho wheel, is 0.62645 of the volocity duo to the full acting upon the 
wheel, By roferonce to the other experiments with the gato fully raisod, it will 
40 scen, howevor, that the cooficiont of offect varies orly about two por cent. 
from the maximum, for any velocity of the interior chcmnference, between fifty 
per cent, and seventy per ecnt. of that due to the fall acling upon the wheel. 
By releronce to the experiments in which the gate is only partially raised, it 
will be seen that the maximum conesponds to slower velocities; and as turbines, 
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to admit of being regulated in velocity for variable work, must, whine necemmrily, 
be used with a gato nob fully raised, af would appenr proper fo give then a 
velonty such, that they will give a good efleel under thoso ciretmelatices 

With this viow, iho following 1s oxtvacled from tho oxporimenta in tale TL, 
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By this table it would appear, that, as turbines ara generally used, w velocity 
of the interior circumference of the wheel, of about Mty-six por cont of that due 
to the fall acting upon the wheel, would bo most suitable, By referenea to the 
diagram at plato VT, il will be seen that, nt thia velooity when tho gato is fully 
iised, tho cocfliciont of effect will be within loss than ono per cent. af the 
maximum, a: 

Other considorations, however, must usually bea inken into recom, In deter 
mining the velocity; the most fiequont is tho variation of the fidl under which 
the wheol is intended to oporate. Tf, Jor instance, ib waa required to oatabliah av 
turbine of a givon power, on a fall linkle to bo diminished fo one half ly 
backwater, and, that Ue turbine should he of a enpacity to give the requisite 
power at all times; in this case, the dimensions of the turbine must be deter 
mined for tho smallest fall; but if it has assignod fo it a volocity, to give Lie 
meximum offech ab tho smallest fall, it will ovidontly move too xlow for bie 
greatest full; and this is tho moio objoctionablo, as, usually, when the fil ix 
groatest, the quantity of water is tho least, and it is of tho most huportance to 
obtain a good offect. It would thon be wsually, tho beat aringomont, to give 
the whool a velocity corresponding, to the maximum coeflcient of aleel, whon 
tho full is the greatest, To, assign this velooity, wo must frat find tho propor 
tional hoight of gato, when tho {nll is groatost; this may bo determined approxt- 
mately by aid of tho oxporimonta on the Tromont Turbine, 

We have soen that P = 0,085 Qh. . 

Now, if 4 is incroased to 24, the volocity, and, consequently, the quantity af 
water discharged, will be increased in the proportion of ¥% to V2h; that is to 
sy, the quantity for the fall 2, will bo V2 @ 
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Calling P’ the total power of the turbine on the double fall, wo have 


2’ = 0.085 2922, 
or P’ == 0.085 x 2.8284 Qh. 


Thus, the tofal powar of the turbine is imercased 2.8284 times, by doubling 
the fall; on the double f1]l, therefore, in order to presorve the elective power 
uniform, the regulating gate must be shut down to a point that will give only 
sein, part of tho total power of tho turbino, 

In experiment 16, the full acting upon tho wheol was 12.888 fect, and tho 
total useful effect of tho turbine was 856258 pounds raised one foot por accond 
aedwr part of this is 802734 Ibs; conscquontly, the same openmg of gato that 
would givo this last power, on a fall of 12888 foot, would givo a powor of 
850258 Ibs raised ono foot por second, on a fall of 2 12,888 feot == 26.776 
fool. ‘To find this opening of gate, wo must have recourse 10 some of the 
other oxperiments, 

In oxporimont 78, the Soll was 18.810 foot, tho height of gato 665 inchos, and 
the uvoful effect 588301 pounds. In experiment 88, the fall was 18.485 foct, tho 
height of gato 2.875 inches, and tho twoful offecl, 278109 pounds, Reducing both 
theso useful offects to what thoy would havo beon, if the full was 12888 feet, — 


j 
the useful offoct in oxperimont 78, §8880.1 Cea == §6054.5, 


3 
a 
« « « 98, aratoo 7282) = 260002, 


By a comparison of theso useful offecis with the corresponding hoighta of 
gato, wo find, by simple proportion of the differences, that a useful efleot of 
80278. pounds raisod ona foof high por sccond, would bo given when tho 
height of the regulating gato was $206 inches, 

By another modo:— 


as 26000.1 : 2876 :: BOQTRA + 2875 x SPAT == 3.802 inchos, 


a little consideration will show, thas the firs modo must givo too little, and tho 
recond, too much; teking a mean of the two resulls, wo have for the height 
of tho gate, giving yy}gz of the total powor of the turbine, 3344 inches, 
Referring lo table I, wo soo that, with this height of gato, in order to obtain - 
the best coefficient of usoful effect, the velocity of tho interior circumference of 


> 
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the wheel, should be about ona half of tit due to the tall necting upon the 
wheel; and by comparison of expermonte Zt and 84, it will be xeon Chal, with 
this height of gate, and with tlus volocity, the cooficiont of useful elvel musk 
be near 0.50, 

This oxample shows, in a sttong ligt, the wellknown defect of the darhine, 
viz, giving a dminwhod coefficient of usaful efat, at limes when it ix important 
to obtain the best results, One ramedy for thinv deluct woukl be, to have a 
spare tubine, to bo used when the fall is grently diminished ; thia arrange 
ment would pormit tho principal turbine to ho mace newly of the dimension 
required for the grentest fall As ab othor heiplia af tha water, economy af 
water ig usually of less imporlance, the spare tubing might genenlly be af a 
cheaper construction, 

95. Zo lay out the owve of the buukels, tho author makes wie of tha followiag 
method. 

Referring 10 plato TIL, figure J, tho mumbor of buolats, JV) having heen dete 
mined by the preceding inley, sel off the are ginal, 

Let w=gh, tho shoitost distance botwooen the huekets ; 

t== the thickness of the motal forming tho buckets, 


Make the arc gk= 6a, Draw tho reading (4, intersecting (he interior air 
cumferenco of the wheel at 7; the poiul 2 will bo the inner extremity of the 
bucket, Draw the divectrix Zm tangent lo the inner cheumfovence af the wheel. 
Draw the ara on, with the radius @--¢, from 4 ae m contro; (he other divectis, 
gp, must ho found hy tial, tho required conditions being, (iat, when the line 
mz is revolved round to the position gi, tho point m boing constantly ov tho 
divectrix gp, and another, point at the distmoo mgs=rs, from tho oxtromity of 
the line describing the bucket, being constantly on tho directrix mJ, tho ourve 
desoribed shall just touch the ao a2, A convenient lino for a first Approxinit 
tion, may be drown by meking the anglo Ogp==1l. After dotormining the 
divectrix according to tho preceding mothod, if the angle Ogp should bo greater 
than 12°, or Jess than 10°, tho length of the aro ge should be changod, to bring 
the anglo within these limits, 

The curve gss’s"l, described as above, is nearly tho quartor of an cllipso, 
and would bo precisely go, if the angle gmd was a right angle; the curva may 
be readily described, mechanically, with on apparatus similar to the olliptie tram. 
mel; there is, however, no difficulty in ‘dunwing it by o sorics of points, as is 
sufficiently obvious. 
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96. The trace adopted by the author, for the corresponding guides, is as 
follows. 

Tho number 2 linving been determined, divido the circle, in which the 
extremities of the guides are found, into 2 equal parts, vw, wz, etc, 

Put wm’ for the width betweon two adjoining guides, 

aud ¢ for the thickness see ae metal forming the guides. 

We have by rule 4, ==: =o 


With w as a centre, and the radius o’-+-2', draw the are ya; and with « as a 
contre, and the rads 2(0’-+-2'), dau tho ave ao Through » draw the portion 
of a ciclo ve, touching tho ares ye aid a0’; this will be the curve for tho 
assentiol part of the guide, ‘The remainder of the guide, ¢@’, should be drawn 
tangent to tho ouvo e’v; a convenient radius is ono that would causa the curve 
ea’, if continued, to pass through tho centre O This parl of the guide might 
ba dispensed with, except that it affords gicat support to the part g% end thus 
permits the use of much thinner ion tan would bo necessary, if tho guide ter- 
mninated al e/, or near it, 

07, Collecting together the foregong formulas for proportioning turbines, 
whch, it is undorstood, aro to be limited to falls not excecding Dy fool, and 
to diametors not less than two fecbs wo have 


for tho hoise-power, 
P= 0.0425 DUT; 
for thy diameter, 


D = 4.86 
i 


o 
ur the quantity of water d'schurged per sccond, 
Q= 05D VA; : 


for the velovity of the intorior cireumforence of the wheol, when Ure full is nob 


very -variublo, 
y=n NI V2gh, 
or, ya MOLVA 


? 


for the height of tho oriflees of discharge, 


H=0.10D; 
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for the number of buckets, 
N= 3(D-- 10); 
for the shortest disiance betweon to adjacent buckets, 
D 


qo 


' wy 

for the width of the crown oceupicd ly the buckels, 
Wewl?, 
my 


for the interior diwmcter of the wheel, 


d=D—"%; 


for the number of guides, 
‘ a= O50N lo 076M 
for tho shortest distance beeen bvo adjacent guides, 


‘ 1 


WE as 


Table IV. has beon computed by theso formulas. 

For falls greater than forty feet the height of tho orifices in the gic 
ference of the wheel, should bo diminished; the forogoing formulas muy, howover, 
still be made use of; thus, supposing Lit for a high ful, it ia detormined to make 
the orifices thee fourths of that given by the formula; divide the given power, or 
quantity of water to be used, by 0.75, and use the quolionl in place of the 
tiue powor, or quantily, in determiniig the dimensions of the turbines; no madi 
fication of the dimensions will be necessary, excapt thay gy af the diameter at 
the twbine should be diminished to 44 of the dinueler, to give Ue height of 
the orifices in the circumference. 

98. It is plain, fom the method by whieh tho preceding formulua lave 
been obtained, that they enmnot bo considered na catablished, hub should only he 
tuken as guided in practical appleations, unul some moto sallathelory avo pros 
posed, or the intricaci¢s of the turbine have been more fully wnrsvellul, ‘The 
turbine has been an ahjoct of doop intorest to many learned imathenmicinas, 
but, up to this lime, the results of (hoir investigations, so fir ax they have buen 
published, have afforded but little aid 40 Tlydraulio Ungmeors, 
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TABLH IV. 
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Liable for Tubines of kforcnt Manetors, oporat'ng on diffirent falls, ussuming that the useful offes ts 
soventysfiva per cont uf the power orpondid, also that tho velocity of the interior cheunfuence ts 
Afy-rx per cunt, of the velority due the falls und also that the height between the crowns is yy 
af the outside Manca 
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EXPERIMENTS ON A MODEL OF A CENTRI-VENT WATER-WILCEL, WITIL 
STRAIGUT BUCKETS. 


09. Tim author was led to this design by tho considoration of the path of 
the water in passing through the wheel, according to the hypothosis in art 88. 
Jb is a wheel well suiled for low falls, in which the water, over ithe whecl, may 
stand at ila natural height, without roquiring a vertical shaft of great length, 
lis simplicity and cheapness, combined with ils other good qualities ns a hydraulic 
motor, must recommend it for many such situations 

100. Plato VIT, figure 1, is a general plan, and figure 2, a vertical section 
of thea apparatus. 

Vigiio 3 is a vortical section through the apertures in the guides and whool; 
the guides and buckola are omitted to avoid confusion in the figure. 

Bigure 4 is a horizontal section of part of the guides and buckels, showing, 
uso, the path of tho water in oxperiment 8, according 1o the hypothesis in art, 83. 

A iy the wheel; the exterior diameter is 22% inches; tho interior diametor 
ix [0t,inches; the height hotwoen the crowns ov 7? figuio 8, is 21% inches; 
ib enmies thirtysix buelcets, 7%, figure 4, of steel, about yf; of an inch in thick. 
ryt, fistonad to the wheel by mewer of the wooden cushions “7, figure 8; the 
upper cushions aro screwed lo the cise D, and tho Jower ones to the crown G. ‘Tho 
dint ix of caativon, § inch thick, with a suitable hub by which it is connected 
with the vortienl shaft, 

JU wo guides of cast-iion, which direct tho water into tho wheol, and also 
aupport the plato 4 which protects the wheel fom pressme on ils upper surfaco; 
tho conhiaation of the slieams onlering Lhe apertures betweon the guides, is dimin« 
ished by the ourved wooden garniture A} there are twonty-four guides, The moan 
shortest distance between the buckels at a2, figuro 4, is 0.0880 focb; the mean 
shortesL distance batween Lhe guides od, figure 4, is 0.0487 foot; and the height 
of both is 2}8 inchos—0.23.4 fect; wo hava, therefore, for the sum of tho 
avons of the smallest sections between the guides, 


0.0487 >< 0 2344 x 24 == 024584 square fect. 
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Similarly, the sum of the areas of tho smallest! dections bebwoon (ue huelete 4 
0.0830 X 0.93-l4 X 86== 028000 Aquara feet, 


The weter is admitted into tho forebay 2, by the pipes ALAY; the diaphragm 
W is to diminsh the agitation of tho walter. 

101. The appaaius for gauging tho wolor discharged Ty the wheel, eon 
sisted of the weir 0, which had shup odgoy; the depth on the weir wus 
measured by a hook gaugo, in tho box #, which eoumunic wed, hy a small 
aperture, with the suriounding water; the height of the water above the wheel 
was (akon ab a gouge in the box Q; thiy box was made sloping on ono sido, 
in order to permit a bolter view of the gauge. Tho veroy of hoth gauges were 
at the level of the top of the weirs consequently, tha difference in tha re + 
ings of tho gauges gave ab once tho fall acting upon tho whocl. 

102. Tho apparatus for mensuring the power, consisted of tho Prony dynunony 
otor 2, attached to ihe upper pmb of the vertical shaft; tho woighla wore npplied 
by meons of tho bell crank oS) fignves 1, 2, and 6; the oanitlationas af tha hinlea 
woto diminishod by the hydraulic vogulatur 2) and the axtont of tha oscillations 
cwas limited by the stops U0. Tho spood of tho wheel was obtnined by means 
of a counter, driven by the worm F, abtached io tho lop of tho upright shot; 
this was so arranged as to strike a bell oneo in fifty revolutions of the wheel. 
‘Tn order to diminish the passive resislancey, tho wohl, bearing upon the 
slop TY, was counterbalanced, in part, by other weights, one of which ix roprosentad 
ab y, figure 2; those wero attached to the bakes ab the pointe XN, hy verticnl 
cords passing over pulleys; the woigh, resting on the step whon tho wheel was 
immersed, and the dynamometer attached, was foand to bo 170 pounda; the cour. 
terbalance was 160 pounds, leaving 10 pounds bearing upon* tho step The 
entire apparatus for mensuming tho powor, was in oqulibrimm when there were 
no weights in the scale, 

103, In all the experiments, oxcept oxperimont 10, the brake was lubricator! 
with oil; in experimont 10 wator was usod for Unis piypose ; oxporimonts 9 and 
10 were idbntical in all other respects It was noticod in experiment [0 that 
the whole apparatus trombled vory much; this must have consumed some power 
which is percepluble in tho coofficionts of effect, Tsporiment 9, in whieh oil war 
used, and in which tho trombling of tho apparatus was vey slight, gives a cool 
cient of oflect of 0.6922; while experiment 10, in which water was used to 
lubricate, the brake, and in which the wembling of tho apparatus was very dis 
tinct, gave 0.6886 ax the coefliciont of offect, ; 
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10d, Al the appmatus was construeted with great cave and precision; the 
surfaces of the cast-iron pnites wero promd smooth; and the cast-iron dise and 
lower crown of the wheel wero tuned true, and polished, in order {to diminish, 
as much ns porsiblo, tho vesistanco of tho water to tho motion of tho wheel. 

105. In table V., the quantity of water discharged has been calculated by 
the formula 


Q== 883 (1—0.1nh) ht, 


in which Q== tho quantity in cubio fect per second, 7==tho length of tho 
wolr == 3,008 fect; m==tho number of ond contractions==2; A= the depth upon 
the wor, Tho weights wore obtained for the purposo from Mi. 0, A. Richard- 
ron, the official senor of weights and measures for the City of Lowell, The 
effective Iength of the lover of the dynamometer, was tivo feet. The tempera 
tue of tho walor was 634° Fahrouheit, Tomperatuve of the air at 8", 867 A. MM, 
68° Fahrenheit, Tho weight of a cubic foot of water is token at 02,8128 pounds, 
which is deduced from lablo I. 

Tf in any experiment, the brake touche’, even momentuily, either of the 
alops UU, ib waa rojoctad; with tho uso, howovor, of a xogular and eufticiont 
quantity of oil to lubricate the brake, and a proporly constructed hydraulic reg 
ulator, there ia ecldom any difficwliy fiom this cause, excopt at vary low velocitics, 
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(0, In the foregoing table, experiments 4, 6, 6, and 7, were made with the 
wheel still; the bhuko was screwed up tight, and the pressure of the water upon 
the buckets, was measined by woighis in the scale. In oxperimonts 4 and 7, 
the weighis were sufficient to balance the offect of the pressure of the water on 
the buckets, and also lo overcome the friction of the apparatus; in other words, 
the weights wore the least that would cause tho seule to preponderale over the 
uclivo and passive forces In exporments 6 and 6, the weights in the scale wore 
the greatest that the preswnra npon the backels would raiso, and overcome the 
fricuon of the appmatua; consequently, tho force of tho water acting upon tho 
buckets, may ke considered ay balanced by the averago of tho weights in tho 
fourth ond fifth experimonts, and, also, by the avorago in the sixth and seventh 
experiments, 

To obtain the true weight thet would balance the prossuro, wo must reduce 
the weights in the difleront expaiments to what they would have been, if the 
fill neting upon tho whool had been constant 

The lollowing ieble shows tho weights reduced to a uniform fall of 2.6 feot, 
obitined by saaple proportion; thus, in the fourth experiment, 


26160 : 26.75 .. 2.600 : 25,686, 


The quantities discharged are also given for a uniform fill of 26 foot. 


Quant ty of water d 8+ 
© nigel reduced to 


Ni livof [Antn Lest ae gupon) Wi gltl sealed Wegltrotice ton | arritmn gered 
taal at MMowtolslihet oat Inyondde wilfonn Pub of 26 feck} feot. i ovklo Shut 














Jor sucond. 
4 2.5100 25750 25 586 1.0051 
BGN7 19.375 19,818 1.9567 
~ g 2 AIS 39250 49719 1.9568, 
7 23734 21125 2641 19584 
Mian | 22 5 185 1.0502 | * 








Tho moun icduced weight, when the weighls proponderatod, is 26.4086 pouhds. 


aud when tho presse on the buekels preponderated, . 19.5185 


Diffevonc, © 0 ee ee ee ee + 6.9800 potnds, 


Male of this difference, or 2.99 pounds, may bo considered oa tho mensure of 


the pnssive resistances, or, rather, of the friction of the apparatus. 
107, In expetimont 18, the brake was entirely removed, and the wheel 
allowed to run without load; with the brake, the counterbalance was necessarily 


* 
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removed, consequently the passive rexistanco urising from the fivetion of the step, 
was much greater than in the olor experiments, 2 
108. Ing. 6, plato VII, i¢ @ dingram x eprexenting the eaperimente; the 
* abscigsng ropesont the ratios of the velocilion of tho exterior cireumifironee off 
the whoel, to the velocilios due to tho filly acting upon tho wheel, as given 
in column 14, of inble Vi; tho ordinates represent tho milioa of the usetul 
effects to the powers oxpendod, as given in column (L5 tho poinby report 
ing experiments .2 and 13, are com eotad by a liken dine, hecuma the bh tter 
expeliment is not stiotly compmabl with the other, in consequenea of the 
removal of the connterbalance, 

109. ‘Tho following tablo contains the succowive aleps of tho cileutition for 
the ordinates of tho path of the water in experiment §, represmted at figure of 
plate VIL; tho opealtons ae all similar to thova explained in articles 63 anal 
119, The ordinates mm column L0 avo oblainod by the formule 

Oa tad uw 
in which 

O is the ordinate, 

A’ tho corresponding value of tho radius in column 4, 

w, the angular vvolooity == SEX ; 7 = 9,084, 

AZZ, tho corresponding volume in colin 9, 


Q”, tho mean quantity discharged by each aperture in the wheel ss 2"! a, GW, 
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EXPERIMENTS ON TIM POWER OF A CENTRE-VENT WATER-WIILLL, AT 
TILG BOOLT COTLON-MILLS IN LOWELL, MASSACHUSETTS, 


£10, Vins whool is one of a pair constructed from the designs of the author 
hy the Lowell Michine Shop, for the Booti Cotton-Mills, in 1849. During o 
cor siderable portion of the yeu, the fall, on which theso wheels operate, is about 
nineteen feo} with this ful, and with the vogulating gatos raisod to the full 
haight, they cach finish on offective power of about 280 horso-power, 

A patent for tho torm of fourteen yews was issued, July 26, 1888, by tho 
Government of the United States of America, to Samucl B, Dowd, of Coneva, in 
the Suute of Now You's, for a waterwheel icsombling, in somo respects, the whools 
uw the Boolt Cotlon-Mills" Under this patent, a large number of wheels havo 
been constructed, and a great many of them are now running in different parts 
of the country; they ave Imown in some placos as tho ZZowd wheel, in others os 
tho Uinled Slates wheel; they have uniformly been constructed in a very smplo 
and cheap manner, in order to mect the demands of a numerous class of muillors 
and manufictuers, who must havo cheap wheels if they have any. 

LLL Bigures 8 and 4, plato TX, are a plan and vertical section of one of 
tho Ifowd wheels, constructed by the owners of the patent right for a portion 
of New Ungland, A, tho wooden guides by which the water is directed on to 
the buckols; 2, buckets of castiron, fastened to tho upper and lowor crowns 
of tha wheel, by bolls, the upper crown is connected with the vertical shalt 4, 
hy the ams G2, tho regulating gate, plucod oudsde of the guides; Uhix is made 
of woot; the apparatus by which it is moved is not veprosented; it is a simple 
miungemcnté of lovers The upright shall 2 runs on a slep ab the boliom 
This wheel is usuully placed in the bottom of a 1ectangular forebay, which, in 
high falls, may be closed ab tho lop, so as to avoid the necessity of using 
vortical shaft of great length, The poculiarly shaped projections on one side of 
(ho buckets, ib is suid, increnso the efficiency of the wheel, by diminishing the 


* A wheel a’m'im, In ils casential features, was proposed in Franco, m 1826, by Poneelet, 
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wasto of wator; it is possible that somo auch oflect rmy be produced by then. 
The author is nob aware that any exac, experimenty jave been made on (hte 
power of theso wheels, from their form und consteuction, however, ik is pluba 
that thoy cannot bo classed among thos using water with very gienk economy, 
In the design for the Boott wheel, tho author has so modified the form and 
anangement of the whole, as to produce a whcol essentially different from the 
owd wheel, as above described, although it may, possibly, be Llechuienlly covered 
by the patent for that wiecl. 

112 Figures 1 and 2, plato VITL, mo a vertionl section, and wu plan of the 
Boott contre-vent wheel, showing, also, the apparatus used in the experiments, A, 
the lower ond of a pipe, about one hundred and thirty feet Jong, wud eight fect 
in diameter, by which the water iy conducted into the forchay #3 Uhis pipo is 
constructed of plate ion, threo cighths of an inch in thickness, riveled logether in 
the usuel mannor of meking steam-boilers, Loar local reasons, tha top of the fore. 
bay 2 is closed, so as to provent the water from rising to ita natural level, hy 
about six or seven foct, 6, tho surfaco of tho water in tho Morimack  itiver, 
represenidd at about ils medium height durmg the exporimenta. J), the wheel: 
2, tho guides; 7, tho regulating gato, the appaittus for moving which, ia nob rep. 
resented; , the disc, which relioves tho wheel fiom tho verticul prossure of the 
water, and which also supports tho lowor bearing of tho vertical shalt. The 
leather packing of the rogulating gato 7, slides againat tho circumference of the 
disc, which is turned smooth and cylindrical for that purpose, and tho dise itself 
is supporlod by moans of fom brackets, lio of which are represented uw WY 
by the columns JJ The vortical shaft A’ is of wrought iron, and it passes through 
the stufling box Z, and is supported by the box AG which has a sorion of rcec uses 
lined with babbit metal, fitted to receive a corresponding sorica of projections in * 
the vertical shaft ‘The wheel, tho vertical shall, and the bevel gem twanuly ono 
the laiter, have a total weight of about 16,200 pounds; the hewriug surfiee tn 
the box Af is about 881 squme inches, consequently, Ue waight, per aquace incl, 
of bearing surface, is about 46 pounds 

Figures 8 and 4, plato VILL, represent tho wheel and gu'dea on a larger 
scale, ‘Tho buckets and guides mo oqunl in nambor, thoro boing forty of each; 
the buckets are of pluto iron, $ of an inch in thickness; tho guides aio of the 
atmo inatorial, 44 of an mch in thickness, Tho following dimensions wae tken 
after the parts wore finished :— 


Mean shortesi distance botweon adjacent buekels, or ab 
figme 4, , nota a eo soe eee ee ee OTBEA Look, 
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Mom height between the crowns, at the inner extremities of 

the buckets, or ed figwwe 8 6 e . ee ee e 18800 feel 
Mean height letween the crowns, ab the outer extromilics of 

tho buekots, or of, figure 8 6 1 1 we ee ee ee 09900 8 : 
Mean shortest distance betweon the adjacont guides, or gf, 

(gure 4). os Se ee Re ve eo OTMOD- & 
Mean height of the orifices betwoon the guides, or 74, figure 8, 1.0066 « 
Diameter of tho wheol at the oulside of tho buckots, . . . . 9.888 8 « 
Diameter of the wheel at tho inside of the buckels . . . . 7.987 « 


113. Sevornl of the poctlia foatuves of this des'gn avo covered by patonts 
insmod by the Governmont of the United Stntos to U. A. Boyden. Tis patents 
cover the arrangement of the regulating gate, hy plaomg it between the guides 
and tho wheel, and having it detached from the garnitme; making the height 
between the crowns of the wheol groater where tho water is d'scharged, than 
where it onto; they also cover tho acladjusting apparatus on which tho box 
AL is supported, ; 

114, Returning to figures 1 and 2, plate VIIT, W is tho friction pulley of 
the dynumometor, which ix attached to tho part of tho shaft intended to receive 
the link of tho bevel gonr, for the transmission of tho power; 0, the brake of 
maple wools 2, the bell crank, and @, the hydreuhe regulator; the triétion 
pullsy and the brake were subsoquently used in tho oxperimonty on tho Tremont 
Tnhine, ia the account of which they are moie particularly described, (sco axts, 
37 and 3b) A, tho woir at which the wator discharged by the whool was 
gnoged; 4, grating for the purpose of equalizing the flow of tho wator towads 
Hie weir; 7 the gaugo box in which ths depths on the weir were observed, 
Tho communication between the walor inside the box, and that surrounding’ il, 
wos maintained by means of an aperture in the bottom of the box, (which 
extended 106 feeb holow the top of the weir,) and which was 412 feet from tho 
welt, Te may ho thought, at (lust sight, that the depths on the weir wore talon 
xo new it, ax to he afllecled by the curvature in tho surfice, caused by the 
discharge over the wer, but tho experiments at the Tower Locks, (ari. 178,) 
prove, conclusively, that when the communication between the water inside tho 
hox, and that outside of il, is maintained, by means of o pipe oponing near 
the bottom of the canal, the dopths are nol affected in any appreciable degree, 
hy the curvature in the surface. If any such effect was produced in this cnso, 
it must have boon vory slight CG ond VY are the gauge boxes at which the 
heights of the water, below and shove the wheel, wore observed, in order to 
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obtain the {nll acting upon the wheel, The velocity of the wheel wat obtained 
by means of the counter 1% The appuralie for lubvienting the Inake is rut 
represented on the plate ; in gome of tho oxperiments, water was ueed, inl it 
others, linseed oil, 

The experiments wore made accorlng to the method of eontinuony observa 
tions, which has beon sufiiciently desovibod in tho account of the experiments on 
the Tremont ‘Turbine, 

115 The experiments on tho Beolb contro-vent wateravheel, ave given in 
detul in teble VI, which will be intclligible, without much finther exphmation 
than is contained in the respective headings of the several coh, 

116. Coxumn 10, Useful Peet, o the sricton of the brake, ta ponds aroirdipuis 
raised one foot per second. ‘The brake was connceted wilh the vertien! min of 
tho bell crank, by a link, which was hovizontal when the brake wax in its 
notmal position, When in this posilion, the length al a porpordicutay, trom tia 
contic of tho youlical shaft, lo the lino joining tho pointa of tho brake ant hell 
crank to which ithe lik was abtachod, was 9.748 fool; tha eflvative longth 
of the vertical arm of the boll ciank, was 4.6 fuel, and of tho horizontal orm 
to which tho scale was attached, 6 feeb; consequontly, the effvetive length of 
tho biake was 


F axe == 10,826 foot, 


LU. Conn 16, Quankly of water passing the wheel, in cutie Jet per aceon, 
This quantity was gauged at tho weir, Tho length of tho weir war 19,008 feet; 
the width of the raceway on tho upstream side of tho weir, waa 17 feet; tho 
crest of tho weir was 11.14 foot nbove tho bollom of the raceway. Tho quantity 
has been computed by tho formula . 


Q= 8.88 (J—O.Inh) bt, 


. 
r 


omy 


determined from tho exporiments mado, in 1862, at tho Lowor Tools, (Soo mk, 
258.) In this formula 


Q= the quantity in cubic foot per second, 
d==tho length of the woir== 18,908 fot. 
ae=the numbor of ond contractions == 2, 

A== the dopth on the weir, givon in column 14, 
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118. Tho vesults of the expats in table VI, avo reprosonted by a xy 
tom of codrdinates at figure £, plato TX.;— the relative velocities, given in column 
20, avo takon for the abscisss, and the corresponding ratios of the wwefal eflootr 
to the powers expended, givon in column [7, are taken for the ordinates, he 
numbers on the figme refer to tho oxporimenta in tablo Vi, which the sovoral 
points represont;— thé points nol numbered roprosent somo oxporimonts not 
reported, in consoquence of an imporfoction in tho gange of tho quantity of 
wate. discharged, owing to a defective arrangoment of Uno giating, ‘Lheso exports 
ments have beon comected by & comparison with those tht are reported; nole 
withstanding this conection, howoyer, they oughl not to bo counidercd as of 
equal value with thoso reported in tablo VI. In the figure, the pointa repre. 
senting the latter experiments, aro connected by full lines, the points 1eproxonting 
the oxperimenis considered imporfect, aro connected by broken lines. ‘Lhe line 
AB represents the experiments reported, that wore made with tho regulating gatu 
fully raised; the line CD, the oxporiments with the goto raised threo qterterx 
of its full height; J, tho experimonta with the gato raieed ao half, and  //, 
tho ¢éxporimonts with the gate raisod one quarlor of ila full hoight, It will he 
seen that the maximum ooolllciont of effocl, with tha gato Cally ralecd, is given, 
“when the ovtside of the whool is moving with a velocity equal to about, sixty 
déven pot cent. of that due to the fall noting upon tho whool, at which volosity, 
the useful offect is vory nontly oighty per cont. of the total powor of tho water. 
The coefficient of offect diminishos rapidly on tho regulating gato is lowoved, and 
the maximum is also found at a slowor spood; thus, when tho gato ia ralaod 
three inches, or one quartor of its full height, the maximwn coofficiont of efeet 
is thirty-eight por cont, of tho powor oxponded; which ja givon when the outside 


of tho whesl is moving with a velocity about one half of that due to the full 


acting upon the wheel, 

119. ABCD, figwe 2, plato IX, yvoprosonis the path of tho water aa it 
passed through ono of tho apertures of tho whool, in experiment 80, uccording to 
the hypothesis in art, 83; tho stops in tho caloulation for which, are given in 
lable VIL. In the formula 

wll, 
oy 
we have for this case, 
O==the ordinate measured on the avo of a cirolo the radius of which ja 2 ; 


‘ its soveral valuos avo given in column 10, 
R'= the distance from the contre of the wheel for which the ordinate is 


his 
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computed ;—its soveial values are given in inches, in column 1;—to 
compute the valuo of 0 in fect, 2’ must be taken in Loot, 

== the angwar velocity. In experiment 80, the velocity of the outside of 
the wheel was 19,711 fect per second, and the radius of the out 
side of tho wheel is 4.669 fest, consequently, 

om aa == 4.2217, 
Ai= the volumo of thas part of the space between two adjacent buckets, 
included between the outside of the wheel and the yadius 2’;— ils 

several valuos are given in column 9, 

Q’ = the quantity of water discharged, per socond, by each orifice in the wheel, 
Jn experiment 80, we have, by table VI, the total quantity dis. 
charged == 112.996 cubic fcol por socond, and ag there aro forly 
orifices, wo have 

: Qt HAS n= 2.8240, 


4 ¢ 


In figure 2, plato LX, the buckets and guides arc drawn to a scalo one 
fourth the fl size;— the xadius of the ac AB== R= 56.028 inches, To find 
tho limit of the stream on the side BG tie aros L7, KI, oto, WC, ato drawn 
with the rads 65 inches, 64 inches, ete, 47,922 inchos;— the arcs HI, GH, ote, 
OG, being taken fiom column 10, equal to 0415 fect, 0796 fect, cte, 2748 Loot; 
the points 2B, 7, 1, ete, C boing connected by suitable lines, determine the limit of 
tho stream on that side. The limit of the stream on the other side is found by 
munking the ares Fis LI; TM= OK, cic, CD =="0N;—the points A, L, MU, ate, 

is boing connected by suitable lincs, determiffe the limit of the sizeam on that sido. 
a By an oxamination of figure 2, it will bo seen, that the acction of the stream 
just after it has entered the whecl, is sensibly greater than the section of the 
siream as it leaves the guides, and that, consequently, uf the stroam flowed 
according to tho hypothosis, there mast havo been a suddon chango in tho 
velocity of tho walor, causing a shock, which, according to the common theay, 
iplica « loss of power, This indicates a defect in the design; novertheless, the 
success attonding this first essay, on a lmgo scale, of a centro-vent waterwheel, in 
which due vogaid has been paid to accuracy of construction and perfection of 
woikmanship, guided by such light as the present imperfect thoorios can afford, 
ought to encourage us to hope, that, when it has reovived the same dogree of 
attention as tho turbine, it will not be much behind, that celebrated motor, in + 
its aconomical use of water. 
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PART II. 


EXPERIMENTS ON THE FLOW OF WATER OVER WEIRS, AND IN 
SIIORT RECTANGULAR CANALS 


EXPERIMENTS ON TUE TROW OF WATER OVER WEIRS 


120. Tim Inws governing the flow of waver ovor weirs, have reocived the 
allention of several distinguished onginecis and men of science, among whom may 
ho named Smeaton and Brindloy in England; Du Buat, Navier, D*Aubuisson, 
Castel, Poncelet, Lerbros, and Boileau, in Franco; and Eytclwein and Weisbach in 
Goamany <A. groat number of experiments havo beon made and recorded; the 
cnrl‘or ones rude and imporfect; the later ones, particularly thoso by Poncelet, 
TLeshros, and Boileau, with a perfection of apparatus picviously unknown. 

Thoro has been in this branch of hydraulics, as well ax in others, a steady 
advancd with tho accumulation of oxpciiments and the improvement of the moans 
af observation; the result, however, of vhese numerous Inbors, is fer fom satisfac 
tory to tho practical engineer. On a careful roview of all that has been done, 
he finds that tho rules given for his use, are founded on the single natmal law 
governing the velocity of fluids, known as the theorem of Tovricelli; omil- 
ling, in consequence of tho oxtieme complexity of the subject, all consideration 
of many other cicumstances, which, it is well known, materially affect tho flow of 
water through orifices, lo finda also that it has been attempted to comect the 
thoorolical expression thus found, by coefficients obtained by comparing the results 
dorived fiom it, with those furnished by oxporiment; but when he comes to 
‘nveruigato theso experiments, oven after rejecting all oxocpting those made with 
tho greatest care, and with apparatus capable of insuring the greatest precision, 
he finds guch discordances in tho resulling coefficionts, that he loses all hope of 
uriving at correct vesulis whon he applies them on the goat soale. They will 
undoubtedly fumish sullictontly accurate results, if the apparatus used is a repio- 


‘ 
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duction, both in form and dimonsion, of thal ured in the cxperhuenta; but this 
is seldom atlainable, the oxperimonts having been made on auch @ ntinute nal, 
Boileay,* in discussing tho various formulas that have been proposed, points cut 
many of their defects, and has himsolf proposed a now one, coupled, however, 
with some special conditions in tho form of tho weir, and tho modo of taking 
the depth upon tho sill, 

No correct formula for tho dischargo of water ovor weirs, founded upon na ue 
ral laws, and including tho socondary offects of theso Jaws, being known, wo muet 
rely entixcly upon oxperiments, taking duc cara in tho application of any formule 
deduced from thonco, not to depart too fay from tho limits of the oxporhmonts on 
which it is founded, 

Engineers have gonerally agreed that tho most conveniont form of weir for 
gauging streams of water, is one which is cub in « vertical plana side of m& reson 
voir, the sill being horizontal, tho sides vorticnl, nnd the contraction complete. — In 
order that the contraction may be completo, tho sill and asides of tho woir mul 
be so fir removed from tho bottom and Intoral sidos of tho resorvoiy, that thoy 
may produce no more affect upon the discharge, than if they were vomovadl a 
distance indofinitely groat; also, the apcrlure mual bo effectively tho samo, as it 
cut in o plate having no sensible thickness. ‘Tho condition reluling to tho dix 
tance of the bottom and sides of ‘the reservoir, can scldom bo alrictly complied 
with, whon gauging Invgo stroams of water; it iy found, however, tha, when the 
sill is at a height abovo tho botlom cf the reservoir nol less than Lice the 
height of the wator above tho sill, and the sides are romoverl a distance at least 
oqual to the height above tho aill, a corroction free from sovious arror oan uaually 
bo medo for the effect of tho velocity of tho water approaching tho woix The 
condition that the aperturo shall be offectivoly tho samo as if ont in a plute 
having no sensible thioknoss, is usually moto casily complicd with, ‘Tha ofvel of 
the contraction is such, that the water has a alrong tondency to leave the bollam 
and sides of the aperture for a cortnin distance, and +o touch tho sporture only 
at the upatteam edge; if, howovor, the thicknosa of the plank or othor material, 
exceeds a corte amount, (depending upon the ‘dopth flowing over,) the watar 
will follow the top of ‘tho plank; in this cago, all that is requisite ig, to ant 
away the downstioam aide of the weir at an anglo of, any, forty-flvo or sixty 
dogrecs with the horizontal; loaving horizontal, only a small part of the thick 





* Jaugaage des cous Mean « Joille ow a moyenne soation by M. P. Boiler (Paris: 1850); or Journal 
de U Boole Polytechnique, No xxxiti. 
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ness of tho sill. It is essential, howover, that the comers of the sill and sides 
of the weir presonicd 10 tho stream, should be full and shaip, and not rounded 
or bevelled in any degree, 

121. Two modes presert themselves for studying, experimentally, the laws 
governing tho discharge of water over wes Jwst, that which has been uni- 
formly adopted heretofore, namely, to obtain by direct meastirement the quantity 
of wator discharged in a given time, thiough wt apetue of known dimensions; 
this is ovidently the only mode of resolving the question completely. ‘To jer- 
form ihe cxperimonts, howover, upon a scale of magnitude corresponding to the 
ordinary practical applications, usually requires an apparatus of great cost, and such 
ts ix beyond the reach of most oxpeiimenters. Tho gicat difftoulty is, to obtain 
a suitable basin, in which to make the direct measmement of the quantity dis- 
charged by tho weir 

Tho second modo dispenses with a direct moasuroment of tho quantity. If 
we havo Wo weirs of tho samo form, but of different lengths, and wo know that 
tho quantities of water dischargod by thom, in cortain ciroumstances, are oqual s 
Inowmg algo the dopth upon the sill of cach weir, we have tho data for an 
equation by which ono unknown quantity may be determined. Noither the 
coefficiont of contraction, nor tho absolute dischargo can, however, be obtained 
by auch an oquation, 

122. Tho discharge ovor woirs is commonly assumed to vary as the square 
rool of the third powor of tho depth; lot us suppose it 10 be unknown, and 
oqual lo a 

Suppowe alw Z tho Iongth, and & tho dopth, on ono of tho woira; and 2’ and 
W tho conosponding dimensions for tho other weir; @ a constant cooflicient; 4 
the quanlity which, by hypothosiy, is the samo for both wehs, Assuming, adeord- 
ing to tho common formula, that tho quantity 1¢ proportional to tho length of 
the weir, we have 

Q== Cih'; 
Q== CUM; 


consequently, 
Olt == OV"; 


hye 0 
(@) =73 
taking tho logarithms, we have 


a(Log 4— Log, i’) == Log 2’ ~ Log. 2; 
10 
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therefore, 
__ hog Tag? 
= Lg hm Log Wi" 


Wo can thus, by means of two experiments, determina the powor of tho 
depth which will lead to identicnl quentitios in tho computed discharge of the 
two weirs, ‘ 

123, Ib is assmned in the above equations, thal the quantity discharged by 
a wor is divectly proportioned to its leugth; this, in weirs having completo cou 
traction, is, however, known nol to be true, in conaequenee of tho contraction 
which tokes placo at {ho onda of tho weir, ‘Chis contyagtion diminishes tho dis. 
charge. When the woir is of considerable Jongth in proportion to tha depta of 
the water flowing over, this diminution is evidontly a constimt quantity, whatever 
may be the length, provided the depth is tho same; wo anny, thorefore, assume 
that the ond contraction effectively duminishos the length of such weir, hy a 
quantity depending only upon the depth upon tho weir, Tt is ovidont that the 
amount of this diminution must increayo with the depth; we are unuble, how. 
eve), in the present stato of the science, to discover the Jaw of ita variation ; 
but exporimont has proved that it is very nearly in divect propotion to the 
depth As it is of great importance, in practioal applications, to have the fie 
mula ag simplo as possible, it is assumed in this work thet tho quantity to be 
subtracted from the absolute longth of a weir having complete contraction, to 
give its effective longth, is directly proportional to tho depth UL ia also agsaumad 
that the quantity discharged by woits of equal offvelivo Jongths, varica according 
to 4 constant power of the depth. ‘hero ix nu reason to think that oither of 
those assumptions is perfectly correct; it will be seon, howovor, that they lead to 
results agreoing very closely with oxporimont 

124, The formula proposed for weits of considerable longth in proportion lo 
the depth upon thom, and having completo contraction, ig 


Qa O(d— bah) ht; * 
in which 
Q== the quantity discharged in cubio feot por socond, 
O== 0 constant coofficient, 
@== the lotal length of tho weir in feat, 
d= constant coeflicient, 





* This formula was fhat suggosled to the atthor by Mi. Boyden, in 1846, 
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aoa the number of end contractions In a single weir having complete con 
Wraction, x always equaly 2, and when the length of the weir is equal to 
tho width of the canal leading to it, n= 0. 

A== the depth of wator flowing over the weir, taken far enough upstream from 
the weir, to bo unaffected by the curvature in the surface caused by the 
dischat go. 

== constant power 


The cocfliciont GC can be dotormined only from experiments in which the 
actual discharge is known; tho constants, @ and & can, however, be determined 
withow knowing the actual discharge in any particular case, 

Tt has been stated ‘that the proposed fomula is applicable only to weirs 
having a considorablo Jongth in proportion to the depth of waler runing over 
ther. It ig found by experiment that, when the length equals or excoeds threo 
times tho depth, tho formula applies; but in lengths less than this in proportior 
to tho depth, tho formula canuot bo used with safety; the orror moroasing ay tho 
relative length of tho weir diminishes, 

W is evident, fom tho construction of tho formula, that ib cannot be of gen- 
eral application, The factor J—nk represents the effective length of tho weir; 
if 7==bnh this offective length becomes 0, and the formula would give 0 for 
thy discharge, which is absurd; similuly, if dai > 4 the discharge given by the 
fomuula would bo negative. In wes of very short length in proportion to tho 
depth, the cleeb of the ond contraction cannot be considered as independent of 
tho Jengih, Tho end contraction influences the dischage to a certain distance, A, 
from the end of a weir; if the wholo length of the woir is greater than 24, 
the effiel of Ute ond contraction is independent of the longth; but if the longth 
iv ley than 2.4, tho whole breadth of the stream is affected in its flow by the 
end contiactions, and, consoquontly, tho proposed formula would not apply. 

In qnactioul applications, this will scldom be an inconyenience, ag ib is nearly 
always practicable so to proportion the weir, tat the Jongth may nob be less 
than thiee times tho depth upon it; iff howover, there is no end contraction, tho 
proportion of tho lonyth to tho depth is not material. 

126, ‘The author has made numerous exporiments on tho discharge of water 
ovor woirs, accoiding to each of the methods described above. 

First, those at tho Tromont Turbine, and at the centre-vent wator-wheel for 
moving the guard gates of the Noithern Canal. In none of these experiments 
hax any attempt been made to mensure the absolute quantities flowing over tho 
woirg; but simply to cause quantities of wer known to be equal, to pass over 


A 
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weirs of different dimonsiony, noting the depth of water and Teng! hoof weit in 


each eso ‘From these dala, as is explained above, corlain laolors in the formalin 


oan be determined. ; ; 
Second, thoso at the Lower Locks, in whieh the absolute quantities passing 


over weirs of known dimensions, were moasurod dircetly. 
As each of those ihyco sets of oxpariments were made with difforont app 
tus, they will be desciibod separately. 


PXELRIMUNTS MADD AT THE TREMONT TURBINE, ON THE CLOW OF WAELR OVER WEIRS, 


126, he apparatus constructed to giuge the water ciselarcd hy the ‘roma tb 
Turbine, with some modifications, was used for Ute oxpahuents on tha discharge 
over the weir; for a goncral description of this apparatus, seo arta 4, df, and do. 

The expenments consisted in allowing a quuntity of water, of unknown vol. 
umo, to onler tho wheelpit, through the turbine, tho regulating gue of whieh 
was suffciontly opencd for the purpose This volume of witor was then erned 
to flow over woits of different dimonsiony, and the conexponding dopth on the 
weit, assumed by tho water in each oxporiment, was noted after the witor lid 
arrived at a uniform state. 

The experiments are divided into series, tn each of which the rogulnting giv a 
was unchanged throughout, so wal the apertures through which the waler ontered 
the wheolpit remainad constant during each sories. 

Some variations necossarily oecmred in tho head acting upon thoso orificos; 
thoy were small, however, when compared to the whole head, The dopthy au 
the weir have been reduced, according to well-known principles, to what they 
would have been if the head had beon constant, ‘Tho loakago of the whoolp t 
also xvendered snother small conection nocessary, After tho corrections are mde, 
we havo in cach soxies a collection of exporiments iu which Ut quantity dis. 
charged ig, the same, and wo have also tho requisite dimensions of the dilarent 
weirs, Thoso data,,if porfoctly accurala, aro sullicient to onablo ux lo dotermbue, 
in the proposed formula for the dischargo, tho values of tho conatanla @ und 6, 
It is nob to bo yresumod, howover, that tho data aro perfeotly comet, bab wo 
can, at any ale, find tho valucs of @ and 6 tint will givo the most uniter n 
regulls lo the computed discharges in all the experimonts in a series; the netud 
discharge being, by hypothesis, a constant quantity, 

127. Some additions to the apparatus used in tho experiments on tho tam 
bine were made for the weir experiments, ‘The parlitions, repicsented by Agus 

‘ 
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5, 6, and 7, plate V., wore provided for tho purpose of shortening or subdividing 
the wen. ‘They wero mato of wood, faced on part of one side with plates of 
shooldron @, 4 of an inch m thickness; the width de was about 15 feet; the 
iron plato was two inches less One side of the timber P, figure 2, was in the 
sumo vertical plane as tho upstream edge of the weir Z When the partitions 
wore placed upon tho weir, the top of thom was supported by the timber P, 
rnd the bottom by the plate of iron a, which rested against. the weir, Flash- 
Load, represented by figures 8, 9, and 10, plate V., wore also provided to closo 
up portions of the woir; these, togelher with the partitions, were maintained in 
thir iospective positions, simply by the pressure of the water against them. 
Wherovor loaks appeared at the joints of ths partitions or fashboads, they wore 
stopped with great case and effect, by a little dough made of unboltcd Indian 
meal, a handiul of which was diawn over the upstream side of the joints; of 
courss the orifices closed in this manner wero very minute, In plato X, all the 
modifications of tho weit produced by changing tho partitions and flashboards, ave 
representod; the sevorl fguros are referred to in column 8, tablo X. In tho 
grentor number of the oxperimonts, two or mo1e spaces were used at tho same 
line; they wore always of very nearly equal length, so that tho Jongth of eavh 
may be obtained by dividing tho whole length of tho weir given in column 6 
hy half tho number of end contractions given in column 7. 

The brackols JV, figures L and 2, plate V., were placod on the downslreun 
silo of the welt, to support a board on which to stand for the purposo of 
adjusting the partitions and flashboards, ‘The top of the bomd was about 96 
inched below the top of the weit, In some of the oxperiments, a part of the 
shot of watcr fell upon this board; in experiment 50 it was moved nearer ‘to 
the weir, Ko thal the entire shoot of wate fell upom it, but without jiroducing 
any sonable affect upon the discharge, In experiment 61, a three inch plank 
was placod on the top of the board, as is 1epresented by tho dotted lines ab 
0, fume 2, plate Vi; tho offect of this obstruction, as indicaled by the ineveased 
coplh on the weir os measured by tho hook gauge, was, to diminish the discharge, 
with the smno depth on tho weir, about aby 

It is to bo vegretted that tho casting forming the sill of the weir, was not 
plmodl on its wholo height on tho side JQ, figure 4, plate V. When tho weir 
was @rocted uo thorgh, was entertained of using it for thoso éxperiments, 
roquiving, ax they do, to be of value, to be freo from all disturbing causes, The 
distubunce caused by the projection at J; can, however, linve beet scaxecly sonsiblo. 

128, Tho data furnished by obsorvation, togethor with the necessary reduc-* 
tions, ul tho results deduced ftom them, aro contained in table X. Most of 
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the colunms aro sufteiently explained by the respective headings; severl of Che, 
however, require farther oxplanation. 

129 Conn LL. Fall affecting the leakage of te whelpil, Thia is obtained hy 
udding togethor the corresponding nimubors in columns 9 and 70, 

180, Conmm 12. Doth of water on the wir corrected Jor the leakage uf the 
‘uheolmt. This is obtained in the following manner, 

Tt was cloar, from the construction of the wheelpil, (art. 28) that nearly the 
whole of the’ leakage prssod Unrough the wooden Ilooving, and thet all the orifices 
through which it passed were constantly below tha surlace of the lower canal. 
In the construction of the whoolpt, no prwticular preanutions were tiken lo pre 
vent © fico communication from the bolfom of the wooden flooring to the lower 
canal; and as the amount of the leakage was very small, nid the mnterial, fine 
sand fice fom large springs, it is clery that the water could have had ne 
appreciable obstruction after pavsing though the fNvoring, exeopt from tho pressure 
of the water in the lower canal, ‘This heing tho caso, the amount of the leak. 
ago would depend upon the head; or, in other words, upon the height from the 
sarfice of the water in tho wheolpil, to tho surfico of tho water in the lower 
canal, Let 


L==tho quantity of water leaking out of the wheelpit, in eubie feet per 
second, : 
A,A’,A’, ote. == the areas of the soveral orifleos through whieh the water pnssed, 
,0',0", eto.==the corrosponding coofficiouly of contraction. 
d= tho hoad, or tho height fom the smfaco of tho water in the Wheel 
pit, to the surface of tho water in the lower cui, Chia hend 
applics to all the orifives, wa they me ull below the sufien of 
the water in tho lower canal. 


Le CAVE gh-+- OA Vigh-- O'A"V8gh 4 ole. 3 
Le (CA Od! OA ole,,) Vg h. 


The aveas A,A’,A’, oto, ara constant, as are also the ovofficionis (5 0”, "ole, the 
variations in tho hend not being very great, Lot 


ex CA++ OA’ 4+. 0" A" 4 oto: 
shen 
L=eygh=e VogVa. 
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The fuelor ¢ ¥27, being constant, can be determined by an experiment in which 
4 and h avo known. ‘To determine this constant, the following experiment was 
made. 

The weir was closed up by the flashbonrds, and made tight in the usual 
manner, so that no appreciable quantily passed over the weir; the head gato 
was closed, and the small quantity leaking through it was caught in tho leak 
box and crrricd over the we in the leak pipe (at 2a), The water in the 
wheelpit having thon no supply, its surfice began to lowor, in consequenco of 
the Kakage through the floor; while thus falling, the following obsorvations were 
made, 


February 5, 1851, at 10%, 20', 80’, am, the height of tho water 
in the wheelpit above the top of the weir, was . . . . . 0,596 fect 
And at 11", 14 46, a.m, the height was... . 1. 1. . (0,896 & 


Consoquently the surface of tho wator in the wheolpil lowered . 
in Qd70Y ww ke ee ee ee ee ee we ws 0200 fect, 


The avea of the surfaco of tho water in tho whoclpit, aller making the 
proper deductions, was about 506 square fect; consequonily, 


iss ae == 00400 cubic feet por sccond. 


During tho interval of 2476 scconds, the mean height of the water in the 
lowor canal was 1.2316 feo bolow the top of tho weir, and the mean height in 
the wheelpit, during the same period, was 0.496 fect above the top of tho wen, 


then 
A= 1.2816 -+- 0.4960== 1.7276 feet, 


Subslimting these values of Z and fin the equation 
L==e Voy fe 
wo havo 
oV 2g == 0.03112: 
consequently, 


L== 008112 Vi. 


To find the depth on the weir, corrected fcr the leakage of the wheelpit, let 


r 


i’ == tho depth on the weir by observation, 
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i’ == the depth on the weir concufed for the leakage, 


I=: length of tho weir, - 
Q==the quantity passing over the weir, Lhe dimensions being all in feat. 


We have @+L=tho total quantity entering the wheelpil, and whieh would 
have passed over tho woix, if thoro had been no leakago ont of the wheelpit, 
To dotermmo the corrected depth, it ia necessmy to asamne some formu 
giving nearly the relations betwoen the quantities 2’, 7% and @Q Tet us uso thot 
given by Lesbros for a dopth of 020 metros and completo emiiaation, which, 
whon reduced to the English foot as tho unit, and adopting our own nolation, is 


Qa=3.12 0"; 


we shall have also 
Q-- b= 3.1900"; 


hy subtraction 
Tow 8.120 — 8.1900", 


from which wo dorive Ey 
We (WY tina) 5 


or substituting for Z its value 0.038112 V2, wo 


Hm sees sieht ye 

By this formula, the 1educed hoights given in column 12 have heen ablulned, ; 

131, Conuun 15, Full from the sw face of wale in the forehuy, lu the nuface of 
the water in the wheelpt. Tlus is obtained by talking the difference of the cor 
responding numbers in columns (8 and 14 

182. Conus 16. Uniform fall from tue forebay to the wheel, to whivk the dpths 
on the weir in cach sores me reduced, The fll in tho same sorios givon in colunm 
15, which is the nomest to the mean fall in all the experiments in tho soriea, 
is assumed for this pmposo; it is unimportant what full is inkon, provided it is 
near the mean. 

138, Conan 17. Depth on the weir sorrected for the leakaga of tho wheelpit, and 
the variation tn the fall Ib must bo recollected that all tho exporimenls of each 





; : 
+ * Exportoncos Lyd auliques sur les los do Veoouloment do Toute, by M. Leshroa, Pitias 1841, Tabla 
XXXIX. 
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series, were made with iho same opening of the regulating gato of ihe turbino; 
that is, tho avers of the orifices through which the water entered tho wheelpit, 
were tho same in cach. In all tho experiments, a small quantity of tho water 
eniering the wheelpit, passed betwoen tho gate and the lower curb, in consequence 
of the leather packing not being perfectly adjusted; this did not affect tho rosults, 
however, as these orifices were also submerged in the wheclpit, Under these ch- ° 
cumstances, if the hoad had been constant, the quantity of water ontermg the 
wheolpit, would also have been conslant; but thc head was subject to a varia- 
lion, comparatively small cortainly, but sufficient to produce a material change in 
tho quantity of water entoring the wheelpit, and, consequently, in the depth on 
the weir, 

To cloar the results from this sourco of wregularity, it will be necessary to 
axcortain what tho depths on tho weir would havo beon, if tho hoad had beon 
constant, or this pupose, let 


WT== the constant head to which the dopths on tho wo, in any particular 
acrica, aro to bo reduced, and which varios but litle from tho actual 
heads in tho same series; 

J'=athe actual head in the particular experiment to be reduecd ; 

KY’ s=tho depth on the weir, corrected for tho variation of the head, or 
corresponding to the constant head ZZ; 

i’'== tho depth on tho weir corresponding to the head ZZ’, and which is 
tho depth givon by obsorvation, correcied for the leakage of the 
wheelpit ; 

a qz=tho quantity of water, in cubic feet per second, that would ‘havo 

culeed the whoelpil, if the head had beoa Z7;* 

g==the quantily of walor corosponding to tho head JZ’, ond which is 
the same as Q-+-L (art 180); 

i==tho length of tho woir; 

C==tho coefficient of tho formula for the discharge over weirs; 

a,0,a", oto, tho avons of tho sovernl orifices through which tho water onto.ed 

the wheelpit, all of thom boing submerged in tho wheelpit; 

20,0", oto, == the corresponding cocfficionls of contraction ; ‘ 


¢ =caVlgll’ + ¢d Vagll’+-0'a’ V2g H+ ote. ; 


d= (cada! e"a’-b-elo.) V2 gH"; 
iil 
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similarly nay 
g==(ea--da'-{-o'a"-[-olo) V2y 5 


feay/M; 
7 Va 


by division, 


- also 
= ou and g@= oun 
whence, 
7. i! q, 
$= (mn) 
therefore, 
WT 4 a 3 ; i ee 
(ir) os *) oF (Gr ) re 
whence, we derive 
WE san Ill Ty 
ish ap)’. 


By this Inst formula, the correclod dopths givon in column {7 have beon 
computed. 

By om inspection of column 18, ib will bo seen that the Jovel of the water 
above the whool was maintained throughout oach soios wilh pront unifonnily, 
excepting in a fow oxporimonis in which il was intentionally altered, as will To 
soon, presently, The height of the wale: in the whoelpit necessarily varied with 
the depth upon the woir, and this is the yrincipal camo of the variations in 
tho full. 

Several of the oxpaiiments given in tnble X, wero made for the express 
pmpose of testing tho accuracy of tho method of reduction just deseribed, Thu, 
in experments 41 and 42, the weir was in tho samo stato as in experiment 40, 
but the height of the water above the wheel was lowered, and the differences 
in the obsorved depths upon tho woir, given in column 9, aro to he albtributed 
entirely to tho diminution in the quantily of walor ontoring tho wheolpil, in cone 
sequence of tho diminishod head. If tho method of reduction ix acaurale, haw: 
over, the corrected dopths in thoso throo oxporimonts, givon in column 17, should 
be the same, 

Tn table VIII, are collected all the exporimonis mado for this ohjcet, togather 
with the other oxperiments forming patt of the corresponding sorics, with which 

+ they may be compared, the weir having been in the anme slate, 
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TABLE VIII. 


2 - eee ~ sy 
: Fe fron the Varatonin the fill Varhto mt coor. 
Nbr fori! vy to t10 Correctot lop 1 dmito ital moteliepti fro 1 tio 
of baa wy acolptt ‘wpor bie wolr, 1. oxperh ob hh dal ox wealuient 

expert rent Foot Foot Feot Keot 

















40 14,088 0.79096 
«L 13 554 0.79049 — 0.034 — 0,00047 
42 18 1d) 0.78076 — 0.089 — 0.00120 
49 18004 005477 
62 18,136 0 95380 — 0488 — 0,00097 
58 12.062 0.95097 —~ 0,0 12 — 0.00880 
68 18.719 1.18177 
6L 12 806 112508 — 0.018 — 0.00669 
72 18816 092170 
78 18,815 092145 — 0501 — 000025 
U4. 12,6665 0.92153 —~ 1161 —~0,00017 








Ié will bo perecived that tho variations in the fall, to which the mothod of 
reduction ix applicd in these experiments, are, nearly all of them, much greater 
than any that occur in tho regular experimonts, This was arranged for the pu 
pose of applying an extiome test to the method. Several of the variations in 
the corrected depths, are not within the Imits of ordinary observation; soveral 
of them, however, are sensible, and bomg all in the same direction, they cannot 
bo abtributsd ontircly to orrors of obsorvation, but, in part at least, to either a 
slight dofect in the method of reduction, or to the instability of tho apparatus, 

It was observed during tho course of the experimonts, that the quantity of 
water onloring the wheelpil, sometimes diminished sensibly, although no change 
ul boon made in the height of tho regulating gate; the precaution having been 
akon lo fix, in a secure manner, the appuatus by which the gate was moved. 
At the time tho experiments were made, this change was attributed to a minuto 
lowering of the gate, Luling place vory slowly, and arising from a defect in tho 
aliffhess of the apparatus, aided by a slight, but not ‘otally inscnstble vibration 
of the whole apparatus, caused by the passage of the walter through the aper- 
tures, To show how minule a change in the height of the regulating gate, 
would produce the observed changes in tho quantity, let us take the two fist: 
experiments given in table IX ‘The regulating gate was raised to a height not 
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exoceding 001 fect; supposing ib to have heen ab jusb that hoight, and thet 
any change in its height would havo produce an omuat proportional ehango in 
the discharge, the observed yroportional change in tho quantily way D.000LGs 
consequently, the absolute chango in tho height of the gato must have been 


0,0000046 feet. 


In ordor to provont this source of irrogulavity from affecting the experi 
ments, the regulating gate was usually sob sumo hours hefre the experiments 
were made, ‘This probably obviated the difficulty in pari, but nob entirely, as 
will bo seen by tablo IX, in which aro collectod all tho axpeximents thet were 


repeated under identical circumstances, 


TABLE IX. 






renee peetneratenatate net 
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0.19677 


0 28886 
0.28506 


0.29223 
0,291.06 
0.20210 


1.06582 
1.06548 


079190 
0.79096 


0.96056 
096477 


1.18856 
1.19806 
1.18177 


100888 
1.06272 





Monn proportional change in the quantity, negloctt 
the signa, . 5 « nie ' Ay ek ag) a 





mont, 1 feet 


0.00006 
-Lo.o0119 
0 0087 
—~0,00018 
-La.oooid 
—~0.00004 
0.00179 
0.00080 
000179 


0.00086 
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—0,00040 
{0.00764 


m0 002 
— 0 00067 


0.00028 
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0.00281 
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0.00208 
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Although the variations in tho dopths given in the preceding table aro very 
small, tho fact that they aro neatly all negative procludes the iden that they are 
entirely due to orvors of observation; we must, therefore, attribute to some other 
cause a portion of the irregularity. 

184, Cotuan 19, Combination of experiments used to determine the value of a Tt 
has Leon shown (art, 122) how, by means of two experiments in which the‘ 
quantitios passing over different weirs are equal, wo may determine @ in the 
formula 

Q= Cll, 


Wo now proposo to show how, by means of two such oxporimonts, the value of 
@ may be found in the proposed formula 


Q == O(L— bah) he" 


Tn this equation, we have d and @ constant quantitios to bo determined; 
wo have alo C a constant, which we may here cousider as indeterminate; the 
samo may bo seid of Q, as limited to the experiments in the same serica, 

Tot 4 2, and f, voprosont tho Jongth of tho weir, the number of end con- 
twactions, and the depth upon tho weir in one experiment; and 4, m, and /,, the 
corLesponding quantities in another experiment of the same serica; wo have 


Q == O(l—bnh) It; 
and 
Q=O(h— bah) hes 


4 


since for the sume serics @Q is constant, we have 


(I-— bah) Wa (y— bghy) hy? 
talsing tho logaxithme, 


a Tog, h-- Log, (-—~ dah) = a Log, hy} Log. (4—~ bm Ay) + 


whonce wo dorive 
— Lope (fn bay) — Tog (bak) 
aca Log, h-— Log. 7 : 


This equation is alill indoterminate, but can bo rendered doterminate, by assuming 


a value for 4 

If tho formula represents tho true law, and the experiments from which the 
values of the constants ao to be derived are porfectly accurate, the particular 
combination of oxperiments to be used is evidently unimportant, As such an 
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assumption would be vory umeasonable, wo have combined tho oxpeuments, with 
a view of obtaining the best approximation from imporleot di; and this we 
have accomplished by solecting oxporimenty the most romoto trom each other in 
the values of the respective data thoy furnish; thos, in series IT, the combine 
tions aro made by combining oxperimont 6,° in which Z hay tho least, and, cou 
“sequently, % the groatest value, with each of the others, omitling entirely all the 
experiments which, for amy reason, appear to bo unsuitable, 

Generally, in cach seiics, one oxpeument has beon repeat ax wu lost) in 
order to show if any chango had taken place in the apparatus; thu, in vortus 
III, experiments 16, 20, and 24, were made, so fer ag is known, under identical 
circumstances; in such gascg, moans deduced from the repented experiments have 
been used instead of making a separate combination with each, 

185. Convays numbered 20 to 25, Values of «@ whon b== 0.07, d= 0.005, 
ete ‘Tho object is, to find the values of @ and J, in the formule 


Q== O(l—dnh) I, 


that will give 1o the computed discharges in cach sorion Lhe mmoal wniform roslts, 
For this purpose, successive values of J avo assumed, and tho corresponding yaluse 
of a, determined, ‘Tho valuo of 3 leading to values of a heaving the loast vul- 
ation among thomsolvos, will evidently bo that mos) nearly fulliling thia conditio 1. 
To aid in tho selection of tho propor valuo of 4, tho thle givos tho differences 
between the values of @ deduced from ench combination, and the mean value af 
@ deducod from all tho combinations, with tho same value of J, and the aums of 
these differences (having no regard to tho sign) aro also given, It will be seon 
thet the sum of the difforonces is least whon tho valuo of d= 0,05, tho noire. 
sponding mean valuo of @ being 146094, or 147 vory nonly; consequently, to 
represent tho whole of the exporimonts with tho most wnifuimily, the tonmule 
becomes 


Q== OT — 0.0624) a, 
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TABLI X. 


PXPLRIMENTS ON WL TLOW OF WATER OVER WHIRS, MADU AL TIME TR IMON CURING, 







Nim or of the 
aor os an tof 
beoover wat 











Sc yes TIT, 


« 18 
“19 
« 90 
a2 | 
“© OO 
Og 
@ OE 





Sones IV, 





Date of thoeyper no it 








“ 
«“ 
“ 
“ 
“ 
“ 


Exp. 1 |damary 31, par 
“ 17 “ “ “ 








Paternal} 
cela th 
8 wo 












Teo ny erature of 
bie at lox) ure 
fn degra af 
Vite ute 
t ertionetor 


ee ween Legh g 
wor 


Noart 
nor 





6 50 
6 2h 
578) 


Exp. 25 ;Fenumy 1, aa | 6.00) 81 00 
“ 26 6 av w 00) 

8 60} 80,00 

10,00 

10.00] 80.50 








xmNaANa 


eee 


tin 














Actal 
Lagtiot 


u ‘| 410 wale 


ir feo 
H 


6.087! 
U3 078) 
18 978) 
L082 

7.000) 

8 00 
W.OTH) 


149,078 
10, Jay 
7.000) 
Brea 
14.074) 
Ibe "R 
RT 
LOGK)) 


18.078 


Welk | 
19,078 
GLUE 
BC 
16,080) 
18,074 


18078) 
8,196 
6,018) 

10,48 f 

18.074) 
BVO 


16 380 


Seance 








The vs te 
6 


Lox 


2 
8 
4 
if 
( 
i 


hi 
rt 


2 


4 a= 


Pk Seontls 


tewWxe oN 


Asx xee wes 





a] 


Depthet 
wreron 
ower 
Vyt oer 
‘ 1 
1 fat 
ra 


Ota 
On 01 
LT 
Q.QHHD) 
Ay 
(GH 
Da 


Oa 
ans Le) 
OATRM 
Odltd 
QoHttl 
saad (MY 
ONT 
DR Tuy 


OD 1 
OCF 
0, 
thd it t 
OO 
Qe the | 
avis 
Otte 
OL 


0407 | 
LOL 
OU877 
ALT 
O10 
LO a 
Tathe 
OO) 

O57 





la 


Ue ght 
tin 


wit 
faith 

wer 
rn il 
\iw 
40d 
f hw 


wor 
Ty fet 


Le 
Lae 
Lut 
Laut 
Lt 
12d 
Lent 








Riu 
BaD 


==? 


ENE Re 


eee ee 
a oe 


(5% 
WG 
1k] 
‘Lad | 
(ig 
EP. 
alt 
TH 
Abs 





IXPERIMENTS ON THE PLOW OV WATER OVER WIETRS. 


TABLE 


X— Contiverv. 


84 


EXPERIMENTS ON ‘THT FLOW OF WAITR OVER WIHIRS, MADD AT LG TROMONT TURBING 


Rau thar of tha 
ecules anil of 
to xpinent 
Sories 1 

Lxp. 1 
in) 
« 8 
« 4 
“« 8 
« 4 
“oo 

Series TL. 

Uxp. 8 
«oy 
« 10 
« ll 
« (y 
« 13 
“Tf 
«1b 


Taxp, 
4 


“ 





Ux. 
“ 


. 


Sais HT, 


16 
17 


fa 
(9 
Pau 
2 
Be 
23 
at 


Sales TV. 


RB) 
26 
27 
28 
20 
3) 
al 
32 


3d 


Dopt a of water 
o toneh 
© trected for 
the Teas yo 
of tw 
wheelplt 11 
foot 
Mt, 


0,31456 
019605 
0.19085 
0,240.18 
0.81696 
0 60084 
010688 


0.28414 
0.28560 
O875HCR 
0 00040 
Q.28630 
0.28 19 
097879 
O.20558 


NQOIIC 
O.LI008 
20126 
Oti770 
0.20205 
47017 
078080 
OR587 1 
O,20216 


0.40808 
L.O4748 
0,05028 
049884. 
041053 
104837 
LOLZIL 
0 35099 





0,858d2 





























13 1a 15 16 17 18 
Kal from the Ua for i fit} Depth on the 
Tulse Ue gutor [Amficactit fort a ae correatol 
above the { ¢ e water | forebny to the w ett for to leakage 
whe, tito ene eget the ie i ic Thal TENATEE 
Ming YO | wiedyt |e cste| He 
aoe ie eee = 
14.869 0,920] 14619] 14.640] 0.81 56] Ti oxperime its 2,9, n17,t 0 eontiac- 
J4806 O.Q)L] Ud.605 « 0.19440 | ton was ricomplote, ng the water fol- 
14,804 0.205] 14089 “ 0.19588 | lowed the top of tho woir 
14.881 O17] 14.0 iL id 0.28997 
14.812 0.820) 14572 e 0.81679 
14.876 0.510] 14,866 « 0 50848 
14 886 0,200 | 14 636 « 019577 
14,910] 0.210} 14070} 14619] 023586 Th exper! nont 16 the cont ae jon was 
14.900 | 0,990] 14 O19 “ 0.28560 | meom lots, as the water followed ta top 
TADS] 0880] 14,535 “ 0.87040 | of No web 
J4.010} OGLO} Le 896 e 0 60 Lod 
14,906 | 0.210) 14.606 “ 0 28606 
14912} O240] 1,672 bs 023390 
L1.910] 0380) 14530 & 097455 
VLOG 0210] 14,798 0 20517 
TE897) 0,800) 14.607] 14.082; 0 20928 
14.900 | 0470] 11430 ef 0,4 0808 
Lib'7] O8C9] U'I7 is 0.25352 
USOT | OdGi| 14082 “ 0.85770 
(L890 ] 0.800] 14.5)0 “ 029166 { 
1887 | 0477 440 7 047149 
1.888 | 0700} 14128 bd 075798 
14,878 | 0200} 14.018 « 0.26520 
14.880 | 0.800) 14.686 se 0.29210 
Tn oxpoumosts 28 and 80, to water 
TLOO |) Gea) Tad 8d | 14587) 040882 | novi ae ove the wo foll upon a bomd 
$4877) 1OG0) 188 7 1.06582 phreed npon tho brackots 4, fig nos 1 and 
» 
W871} O70) 11201 . 0.66444 2, pluto V , in oxporlment 81 tho bomd 
HL877 | 0510) 14 37 i 0.50080 | wig romoved So fu ns is known tlo 
14,893 Q°20 14473 Ls OTI13 | a on axpor nana waa idortienl in all 
14.008 100} 18.88 & 1,06548 | otha respocts By comoaung te core 
TRB LOGO) L8G f 1,065.60 | jcotod dopths upon the welr given in col | > 
14.004 | 0600) 1.24 i 0.65548 | wan 17, itapponts that the bond offered no 
14907 | 0.870; 14.5°7 1 0 85842 | appreciable obstiuction to the disel ago 
12 


90 


XN Conuyuen 


TABLE 


EXPERINENTS ON CHE CLOW OF WALUR OVER WES, MADE A’ TIT 









































10 20 al 
7 b= 007 bs 0005 

Nunnber of the * 
sia and | Combi at 01 ofexperl- ST tees reer 

ae the nonts ned to deter: ine Diners Ke Oe : p ualrones Ke ; 

oxporln ens twy* vole YA loa TRY. 117707 ya" ton wy 

ofa ofa 
op on oa cod 
es I, 

ae 1 1 and 6| 1.4601 0.00887! 1.4660 0.00905 
“ 2 
« 8 
“4 4 « 6) 1.4758) 0.00207] J 4742 0.00178 
«og G& © By LASLAL 0,008 3 L8OY 0018 
“ 6 
i 

Soi’es TI 
Ixp 8 8, 12, and tL] 14768 OOOLLT, L2G OOnNaA 

9 9 6 TL} 1.4787) 0.0007 5 LA77A} O.00THS 
© 10 10 IL] 1.4805) 0.00254) 1.4791] 0.00315) 
il 
«12 8,12, * J1) 1.4768 OOO1I7] LA75G) 0.0009" 
“ 18 18 11! 14781] 0.000 L786} 0.00068 
“tl Wd AL] 14774) emt W7] 14718 0007 
© 16 16 © 1) 1.4800) 0.0020. LATRG) 0.00208) 

Series IIT, 

Exp 16 } 6, 20, 24, and 22) 14778) 0.00017) 1.4759 0.00008 
17 17 © Q2) LATBd et 1.4782! 000074 
“48 18 * 22) 14811) 0.005, 4a797} 0.00875) 

“19 19 © 22) 1.4827 Oortd LAST} 0,005 15) 
20 ) 16,20, 24, ® 92) 14778) 0,00017) 1.41789) 0.00005) 
7 21" 22) 14814) 0.00818 14796) 0.00865 
« 98 23 * 29) 14782 0.00277 jaa O.COg 
© 24 116,20, 24, © On) 14778 Q.O00L7) L750 0.00008 

Sories TV. 

Uxp a 25 und 26, 80) 14827] 0 00479} 14800} 0,00 105 
© 27) + 27 © 26,80] 1.5028} 0.02483 1.4997) 0.02875 
« 28 28 « 26,90} 14857) 0.00775) 1-881) 100778 
. rs 29 © 26, 80] 1.4888} 9.00589} T4817) 0.00676) 

e 
“ Bt 

} 3B] 82 « 96, a0] Lagzal 000989 £4882) 0 00725 
« 93 83 « Q6, 80] 1.4888] 0 00734; 1 4828) 0.00085 








PSX PERIMENTS ON LITE PLOW OF WATER OVER WETRS. 


J UREMONT URBING 


RN 


be OK 


Din reeefrait 
poagvabe Poo rata 
Lao 


| - 


O.009T t 


Vii 


fa 


LAGI 


0.0008 
0.00 tod 


14781 
LATO 


Hi7al 
AT 
L777 


0.00046) 
(O08 
O0057¢ 


(00016 
O,00LLG 

0,001 64 
O.00826) 


omg 


Ls 


O00 84 


1710 
1A721 
TLA7B2 
1746 
LA 
LATTR 


LATLO 
TA7d0) 


0 00000) 


0 $2 

OU015 § 
O,00006) 
UCOdst 





O.00R04 
0.000001 


Lar7 3 


11071 
Lani 
Ldzoe 


0.0086) 


OORNT0 
000784 
008 06) 


LATS 
1 L8ag) 


0.00106 
O.00626 











TXPERIMENTS ON ‘TIL FLOW OF WATER OVLE Wires. 


TABIT 


X— Coxinunp 


91 


EXPERIMENTS ON TID PLOW OF WALDR OVER WIIRS, MADD At TIE TROMONT TURBINE 


™ nlorof 


el wand 


«ft the 


wa 


Series 
Exp. 
“ 


“ 
“ 
“ 
“ 
“ 


Serica 
Exp. 
“ 


Soules TL, 


xp, 
“ 


Series T 
wh 


tho 


ab 


L 
1 


Nommon 


WU 
8 


tw 
{7 
Lk 
‘u) 
20 
Zl 
22 


Ry 





14026 


LA721 
LA778 


L788 
LA750 
1.1762 


JA738 
T7985 
LAGI? 
1758 


Lge 
AACHH 
LA708 
L780 
LAL 
1L.A700 


1.4699 
Ld721 





LA7AG 


Lode 
L789 
L776 


La7As 
LAT7T 






































28 a 2b | 
bn 0 055 2 908 b= COS ‘ 
D lero cos from tie Diffironces from to Dhfforen ‘eg frors t 19 
na ta wala orfear - Lica cvelvoofc ms fot x vin yil.oof ~ or from 
1710 Wie 1.0004 Valles 140706 
pores ofa wee rhe ofa 
ae belly “es + 2 Foie 
0.00084 | 1.4605 000044) 1.4584 0.00055 
0 000L6 1.4710} 0.00106 1.4700 | 0.00205 
0.00586 1.4766 | 0.00056 L764) 0.00745 
0.00186 1.1722 } * 0.00226 } 14710} 0.00805 
0 00806 1.4737 | 0.00876 1.4725 | 000455 
0.00126 LA749} —0,00.106 Ld781 | 000545 
000186 1.4722 | 0,00226 14710 | 000805 
000166 14721} 0,00216 1.4700} 000265 
0.00224] 1.4672 000284) 1.4646 0 00885 
0.00886 Ld7dd {| 000446 1.4730 | 0,00505 ‘ 
0.00016 147024 0.00026 1.4688 | 0.00088 
0.00814) 14646 000484) 14024 0.00555 
0.00.86 {1753} 000586 11789 | 0.00595 
0.00606 LATO} 000646 1.4748 | 0.00685 
0.00016 14702] 000026 1.4083 | 0.00035 
0,004.06 LA7I2 | 0,00426 14725 | 0 00455 
0.00201] 1481 0,00184| 14668 0 00165 
0,00016 14702} 0,00026 14688 0.00085 
0,00266 14720 | 000206 14698} 0.00186 
Q,02266 1A920 | 0.02206 14896 | 0.02155 
1.00696 14707 | 000676 14745] 0,00655 
0.00506 1.4755 | 0.00356 1.4785 | 0.00555 
* 
0,00216 1.4696 0.000441 | 14661 0.00288 
0.00576 LA752 | 0.00526 14728} 0,00485 




















92 


TABLE XN -Contistiy 


SXPRRIMENTS ON LUE FLOW OF WATER OVER WEIRS. 


DEXPERIMENTS ON THE LOW OP WATER OVER Wruth, MADU AT Ula CRGMONT TORING . 



























1 2 8 4 
one eo LM 
Ps Bee 
cients a Dato of t o oxy crlmonty ‘ nae Vk as Mi 
dye oxg erluent.! Nt ~ oxalrort axy 2 
ae "wear | ~ 
tute, | Yer {Se | obs [at 

Seies V. 

Dxp. 84] Pobt wry 1yvae | 2075) 8150] 2) 11 7 2 
“95 « "«& —¢ | Q000) 3h 450) 2) 24 fy 
' 36 1 9) HO) BLGO) QPad | y 
“37 # 6 | O25] BS50) 2) 15) 2 
© 88 #6) 20.50 8) 35) 8 
“« 99 « 6 a Far sol yo.00) 319 fy 
6 40 % 6 © | QL OO) BLOF AE) 8 
«AL «te FBG BLAH dp 1G | « 
“ 49 “ « « 18,0) ay fy hi} 

Scucs VI {7 ; eae ee ee 

Exp. 43 | Lobuunry 8, yew. | 88 2h 2 8} YQ 
“aL © "6 @ | ygea] u225) gf zo yi 
® 4h “ 6 & PY DS 2 ONF Py) 
«46 et 37.50) 82.00) 2) 48 i] 2 
6 OAT “ « 6 | 97,50) % 6 YF 
«48 « «6 7 4795) 82.00] 4) 10.5} a 
« 49 « 6 & 13700) We o4O 8 
“« 60 “ « « YF 3 
© BL « «© « 4) YQ i 
« 59 « « & A} as] a 
« 38 «wt BBE AL iG} 

Saiies VIT rea) e| (a ; 

Exp 64 | Rebruary 4, A | 2600) 8175) 9) 6] yy 
«6b [a ro 0) J 265) 9 
« BB « & 6 1 OLQO) 8175) 9) 4g ) 
“ BT “ wt 30(0) 81.75) 10) 17 | 10) 
« 68 6 FBSA BETA col st | 10 
« 59 eT 3,60] BL75 LOL de | 10 
« G0 «eS BLOOD) SL7G LOL BOO) AL 
“ 6L « “ “ 35,00 at L0 d1 
« 2 6 ETO ALI Ul a0 | Ut 
« 63 « « « SRO} BLZH) £7 Baty UL 

heats bh Uy © pte | L078 16 Q) 

Sics VIL, nes ee a 

Dxp. 66 | Uobany 4, var |} 88.25) 3200) 3) 104) 8 
« 66 «eT 87,50) 8 88h] 
« 67 oF 87,00) sydb fo 
« 68 “ « 86.75) §] 58 4 
« 6) es te A) Ua) 4 
« 70 « © | 8695) 8200; diet | 4 
«© %, “ o « al 32 a 

Series IX re 

Exp 72 | Pobrunry 4, vee, | 8495) 4638 7) 6) 
«7% “ eo 34 O5 qt] 8 
«UF a S15) 5] BL 45 


43 
ik 
VU 
246 
i 
26 
{) 


2 
4) 
ti 
fil 
13 
22 
ot) 
hy 


BL 
it) 


Wah 
a7 
7 
22 
38 
(05) 


tH 
26 
bb 
wi 


MA 
40 
2 


18 
25 
a7 


24 
‘3 


fy 


toa 
ef the 
Axl 
ey 


Utes 


Sete xe 
= = 


o> 


ae 
xone 


h 

BRD 

i 

Th 

LG) 

by 

5 
lz 

2 

4 
U4 








ah 
10,5 
48 

5 

6 

A 

4h 

b 

6 
i 

{ 


85) 
6.4 
7 
4 
46 
4 
i] 
9 
85 
12 





» 


13) 


Jatt 
Ligthet 
tow 
Lats 
t 


18.978) 
AZ, 
W978) 
10 84 
Pa 
RAO) 
OAT 
6987 
GOT 


78 
adh? 
(07 

Ls y7a) 

10, 1H8 

10.980 
87 

On? 
(987) 
Yi 
GANS 


1A.080) 
5187 
8 O87 
8.489) 
5,187 
(987, 
13.978) 
10, 180) 
{S78 
GANT 
HAR? 


(Gag 
1.829) 
8.058) 
fi dn? 
1.824) 
BAR9) 
ed 


18.980 
10,080 
LS 9RO 














4 4 
Nv 
af Nef ore 
mf ta 
wef tyre 
hu, ox 
kw 
+ 
Ye a 
+ ee 
H od 
goed 
Wo“ h 
48 7 
vod 
yt 
we | 
A Ty 2 
| 
Ayu yg 
fe 
yy « Wf 
S| od 
44 4 
| 
yo 
yy MT 
yn) 
4) Baye 7 
gy 8 TY 
3 81 
a“ ty 
Pe 
qo 1d 
Le: 
(] & 4 
ql wy 
a4 Ld 
2 40 
Al Fig 7 
yor 
4) MN 
C(] * tb 
2% Ad 
3 8 
a fo 
A hp, 7 
4% 7 
| 6 7 


+t 


Te act 
wis 
owe 
Vy a nar 
vans 
nove 
At 


PO 9ay 
(ZEON 
O19Nt 
Ody 
8001) 
O17, 
7H 
ate 
OTM 


ONTT 
ustint 
Aah 
(6028) 
O.78ON 
OG 18 
100 bh 
O55 1 
O88) 
OWN 
OOeth 
OFS 
LLg78 
DA ay 
O4ITS 
Lint 
oO eoy 
G017 
(7 M0) 
HITE 
L1zht 
1.0) Wi 


O25 LB 
15K! 
OCT 
Q.4000 
4057 
Ob20e 
CS) 


ogo 
O)U0L 
Uap 








—.w? 


See LLL 


= 


aT 


oN 


ae eee 





el 
1 


1h7 


204 
J ih 
wit 
Zit 
aig 


170 
wai 
24a 
a) 
Lat 
£04 
W004 
PAs 
2A 
w.07 
wut 


inh 


ugt 


wel 


m0 


40 
youn 
17s 
Linh 


= 


rath 
et 


wate 


Ay 
wat 
vant 
La 
207 
Lit 
15 





210 
Las 
Pay 


‘ 


EXPERIMENDS ON ‘NIL PLOW or WATER OVER WELRS, 98 


* 


y 


ABLI} 


Xi Con tiny up 


PXPERINENES ON ‘LI PLOW OF WALTER OVER WDIRS, MADE AL ID TREMONT TURBINE 


Nor hur of th 


era 


lee 


lar xp lta at 


saa Ve 


Evp. 
“ 


“ 


L 
Bb 
45 
87 
58 
ao 
40 

! 
An 


Sco VI, 


Iixp, 
a 


AS 
44 
15 
Ab 

7 
AB 
49 
&0 
fil 
2 
fit 


Seticn WIL 


sf 


« 


Ad 
fib 
fy 
nt 
fis 
i) 
60 
at 
iz 
tid 
GL 


Serius VILL. 


Uxp. 
it 
« 
“ 
“ 
‘ 





Sees LX 


TAp 
“ 


‘ 


(tts) 
Ot 
aT 
8 
ed 
70 
71 


72 


ti 


7 


12 
VD yticlwiter 
cede wehy 
cred for 
toyhotk go 
otal 
whoyt ot 
fut 
Wi, 


O19 166 
079229 
0 49897 
0.60710 
QHOLEL 
OSLO 
O7ILL 
O7ROGL 
O77 198 


0 f98h0 
997 2 
0.00801 
O05 Lb 
O78 181 
082449 
0 ATL 
On BAGL 
0 95580 
OD L291 
On BR 


OF 2.409 
LI2di2 
OOH58L 
83x70 
1.12418 
OM 0290 
OC251 
OLEL 
OGI79L 
J 12782 
1.01423 





0.249257 

A Od 57 
AWGRO2 
0.0885 
1.06272 
087221 
0.5 023 


0.02119 
090907 





O8VI09 


13 


MW gabe 
Wat 

al vo tho 
wil 

taku tn tho 
ftrtny 
fu feb 


14H 15 
11910 
LLBOL 
T1891 
TL8dd 
LL 908 
1 RE7 
Td 32 
13.950 


11.008 
dann 
1 965 
LOL 
14 887 
11889 
14 88: 
14 886 
14487 
(4 406 
Laat 


14,880 
T4881 
Ld BH 
11 &75 
14.872 
14872 
14,808 
14.806 
14,86) 
Li sno 
Liab 


ULB. 
LHS 
1d B05 
11,902 
14.105 
L608 
Then 


14 804 
14.380 
1678 


’ 


Ld 


wolor 
inthe 
whe pt 
Er hut 


0.510 
O8LO 
0 520 
0020 
ORC 
0 160 
0809 
0798 


: 0.700 


0620 
0980 
O02 
0.030 
0.754 
0.550 
O80 
0.480 

80 
0.970 


0,082 


0,560 
L150 
O.dR0 
0.86% 
L152 
0 990 
0A 29 
0.761 
0,020 
1150 
1,120 


18 





16 


AY 


¥F Uhont o U, fou Ml! Deythoit o 
I ghtof [ef ike! 


vite be tho 
ficly to 
abut 


ful 
wht 
ifr 
dt, 


14385 
L140) 
V4S74 
14.271 
U1,079 
L538 
L 08 
Oris) 
1h1 9 


14,284 
hh 
13923 
M4 2et 
1d Idd 
Wh 
1390 
£3,906 
18 907 
1d,dd6 
12.002 


499 
13,781 
1d 02 
140 
13.720 
S4.8R2 
thd 
ttt 
20 
87) 
12.806 


0210 
108 
O.076 
0516 
1006 
0,880 
08% 


1,018 
Los 
1018 


14.671 
WWREL 
Th2sd 
Ts B87 
18.88) 
M55 
1 aft 
13,816 
TS 
12.65 


rait oc 
forvbay to 


We 1, cortecte] 


thovdec & | AE the le ¢ yo 
t to wich tae jof tie wl ec It 
OFC Futur MLE OF EOF aud thus ve ne 


wa In cach 


ridley aro [fon tithe fl, 


re 
Ni flek 
Ht 


13 882 
‘ 


18.889 


« 
« 


ifs 
wie 


0.9160 
0.70190 
0.19557 
0.00 137 
OROL51 
0 48068 
0.7096 
079040 


(0,789 7 4 


0 49920 
0.95056 
0 bdCL 
0.50804 
0.72790 
051017 
0,95477 
0,95 158 
0.95530 
0.95880 


OMe on7 esting tho method of reduction 


0 61887 
118356 
006536 
0,836 4 
118806 
0.96280 
0.61748 
072785 
0.50286 
L19177 
1.12508 


022817 
£,08858 
0 GG202 
50231 
106272 
0.36025 
0.9860 


0.92170 
02145 


0,921.53 | mole of red tet 91 


18 


JUMARKS: 


Jn oxye i nents 12 and 42 tho weit was 
i1 the same 8 ito is am wxperl mont 40 
tho ba ght of tho water above tto vhool 
was ieduccl for tho pr poso of testing 
the method of reduction, 





Inospatl ne its 60-0 1d 81 t a0 wolr we 8 in 
tid Bime stato as in axpe nant £9, axenpt 
fig thir 600 Load was placed o1 the 
Inac cote A, figs 1 and 2 plato V, on wlacl 
tho water folks and nexp 51, the plank O, 
fig. 2, plito V, was placed in tho pos tion 
roptesonted tho top of the plank was 6 5 
Lichos below the top of tho wos Th oxps 
52 nd 53, tho wolt was it tho samo ati ees 
inoxp 19, the he'ght of the water 1 v0 
flo w ical was lowored for tho 71 1poso of 





Th oxpoiimo tts 03 anl 64 tho woh wax 
in tho same atite, in oxporluat( 1 do 
ho ght of tho wator aboya tho wi colt 1 
Jowercd for tho purpose of tostl g the 
mott od of reduction. 


Ji oxpenments (6 67, 68, an) Uf, tho 
le gt4 of the gove al Tays of the weir 
woo deericl to be too 8 ot reli fo to 
the dop h flowing ovor, for tia moj oscd 
for nuln to apply 





rsperimonts 72, 73,0 1 74 woro made 





for tho oxprtas ptuposs of fosting the 
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PXPERIMENLS ON TIT TLOW OF WATER OVER WEIRK, MADT: AT TG CENTREVENT WHEEL TOR 
MOVING LIM QUARD GATRS OV THE NORPHERN CANAL 


136. This contic-vent wheel usually operntes under aboub ten fob till, ant 
is of about sixiy horse-powor under this fall. Ib was constructed from carly 
the seme dosigns as the model centre-venl wheel, dexeubed im art 100, and rep. 
resonted on plate VIT. For a general description of the Guard Cato, sea val. L, 
page 775, Appleton's Dictionry of Dluchnes, Afechumes, ote, Now Yok: 1. Appleton 
& Co. 1852. 7 

A set of oxperimonts upon the power of this wheel was mada in [848 in 
which the water discharged by tho wheol wax gauged at a woir conatrnetad for 
the purpose, below the wheol. ‘The following experiments wore made wilh the 
same apparatus. 

The tolal length of the woir was 18,02 foot, which, for the purpoxos of 
these oxporiments, wad diminished to 16.02 leek by lwo amovable planks or pos 
litions, ono foot wide onch, the upstream fees of which, when placed upan Une 
weir, were in the same plane ay the upstream fico of the weir, Tho form of 
the weir was such as to give complete contiaclion; ib was constructed of woul 
with the upstream face veitical The orest of the weir was formed of southern 
hard pme plank, fowr inches in’ thickness; the top was 0.55 inches wide, ani 
bevelled off on the downalrenm s'de, at an angle of 40° with the vortionl; Lhe 
ends of the weir and tho sides of the putitons woe of the same form, + 

The botlom of the canal or basin, rieasued near the wair, was about 67% 
fect holow the top of the woir, ‘The water dischagod by the whwel passed 
the basm though ean imegular and contincted channel, out in rock, and confined 
by coment masonry This basin was specially oxcavated in the rock, of large 
dimonsions, in order that the water imighb reach the weir in a auliiciontly quieh 
state to permit a satisfactory measuremoul lo he made; and also, for the sane 
object, two gratings wore placed across tho basm, pmallel to cach other, suc 
about six foot aparl, the downatroam giating being about seventuen feel trom 
the weir, Tho affect of these several procautions was such thu, although the 
water escaped from ihe wheelt in » rapid and turbulent current, in the dnsin 
betweon the downstream grating and tho welt, Uho water was tranquil and free 
from perceptible invegularilics in ils motion lowards the weir, 

The depths upon the weir wore moasurod by the hook gauge, deserihod af 
at, 45 and represented by figures 9, 10 and 11, plate TV; this was placed in 
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the basin about eight fect from the weir, in a box, in which tho communieation 
with the surromding water wos maintained by a small apeiture in the bottom; 
the box and Hook gaugo wero firmly allachod to o limber strongly bolted to 
the masonry forming one side of the basin. 

The quantity of walor discharged by the wheel is usually rogulated by the 
head gato, admitting the water from the river into the forcbay above the wheal, 
When it is desived to diminish the qnantity scharged by the wheel, this gate 
iy partially closol, tho effect of which is to diminish the fall acting upon the 
wheel; but Uus method was unsuitable for these experiments, on account of the 
gout agitation in the forebay, produced by the fall at the head gate, During 
(hose oxperimonts, the head gate was fully opened, and the quantity of water 
discharged by the wheel was diminished by closing up a portion of the spaces 
hotweon the guides, with pieces of wood. 

The wheel was prevented from rovelving by the’ breke of the Prony dyna 
momeler. The entire apparatus about’ tho wheel remained unchanged throughout 
the fonr oxper-ments, excopt that the head gate was closed “on several occasions, 
to enable tho partitions on tho weir to be moved. This gate was largo (five 
fool aquavo,) aud care was lakon to keop it open to ils full extont, in all theso 
exporiments, 

The apeatwres through which the water entored the wheelpit being the same, 
the quantity of wator dischaged must havo been unifirm, if the head acting 
upon the orifices had been constant; small variations, however, unavoidably occurred 
in tho hou, for which it was necessary to coirect the depths upon tho weir 
This has been dono in a manner precisely similar to thal adopted in the expert 
vaunta vpon the weir at the Tremont Turbine, described a. art. 138, 

The upetures in the wheel and between tho guides, were entirely submerged 
Tho offective height of the water in the wheelpit was measured in a chamber 
constricted for tho purpose, in the masonry, A freo communication was imain- 
tained belween tho water m the wheelpit and in the chambor by an inon pipe 
nboul 8.56 inches diameter, The surface of the wale: in the chamber was, mall 
the experiments, above the level of tho top of the apertures between the guides 
Tho height above the wheel was taken in the forchay nearly over the wheel, 
the gauge heing placer in a box in tho usual manner; tho zeros of tho gauges, 
ul which both thew heights wore taken, were at the sume level, tousoguently, 
the differonce in tho readings gave the fall acing upon the aperinres, 
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EXPERIMEN DS ON PHL TELTG'L PRODUCED ON THE PLOW OL WATER OVER WEIRS, BY Wn 
MLTUIL OF TUE WATER ON UG DOWNSTREAM SIDE 


I87 These were made at the weir al the contre-vent wheol for moving. 
the gourd gates, with tho appaatus used in the preceding experiments. 

A. singulat phenomenon was here produced, namely: unde parkicular cireum- 
stances, the flew of waler over @ weir may be tnereased by raising the height of the water 
on the downsh cam side of the weir Ordinarily, when water flows over a weir hav- 
ing contraction on the bottom, the under side of the shect near tho weir, is 
dlevalod above the level of the top of the weir, taking a curved form; xepre- 
senlations of titis curve mo given in sevoial works, tho most porfect of which 
mo by M. M, Poneclet and Lesbios,' who ascertained with great caro tho forms 
for sevoial depths upon the weir In such eases, tho spaco between tho sheet 
of water aud the plu or other imataial of which the wen is composed, is 
MWMed with aie which communicates more or less fiecly with the external atmos- 
phore, 

Suppose tho sheet, afler passing tho wei, to fall into a body of water of 
considerable depth, in which tho natural lovel of the surfaco is not very much 
below tho top of the weir, bub sufficiently so, as nol sensibly to affect the dis. 
Cuuge. The woir having complete contraction, the aix will remain under the 
shoot, oven if the Wwe a of very considorable length in proportion io the depth 
flowing, over. Suppose now, that tho communication of the air under tho sheet, 
yith the external almosphore, is entively cut off by placing boards on the down- 
alroum side of the weir in contact with oach side of tho sheet, ox by othe 
meus, the effect will ordinuily be, thal the air under the shocl will be wholly 
ov partially duivon out by the Jalol communication of motion in fluids, amd a 
partial vacuum will bo produced, unless water tokes the place of the air that is 
crivon oul, Th either case, tho equililnium of the atmospheric pressure on the 
upper aud Tower sides of the shot, will be deshoyed, the pressure on the uppel 
sido propondeating, the effect will he lo alter the form of the shel, and to 
increwsa tho discharge, by the operation of forces beuring some resemblance to 
the notion in the well-known experiment with Ventun’s tube. 

Tn the fallowing experiments, this effeck was produced by raising the level 
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* Honerrences Hydrauliques su los los do lecorlemont, ate. Pais: 1832, Plate 6. 
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of tho water on the downsticam side of the weir, loa height a litle aboy: ts 
top’ of tho weir, in consoynonce cf which, hy tho Intent communientian af 
motion, the air was driven oul, and the flow over the web faeilitated, 

During the following oxperiments, the eppmatus was arranged in the aie 
manner as in the preceding experinmts, with these exeupliony, namoly: the prt 
titions wero not used; the quantity cf water entering tho wheelpit wes diminished 
by closing up more of the spaces between the guides; the wheel wax cntiely 
removed; and means were provided for varying tho heyht of the water on Ue 
downsiream side of the weir 

The depths on the weir aro roducod in tho same inauner to what they 
would have been, if the quantity of witer entering the wheelpit, and flowing 
over tho woit, had been uniform. ‘The dotails of tho experiments uro given in 
table XII 

That tho quantity of water onloring the whvelpil changed only in uw very 
small degree from any chango in tho apparatus, is proved by the depthy upon 
the wer mn oxperimonis Land % Tho crenntancer me beth heing the sauce, 
the corrected depth on the weir in expeiment 0, is 0.0006 feat Tear Cin in 
experiment 1, corresponding to a chnngo in quantity of abouts qf o park A 
mean of the depths on tho wolr in thesa two exporimonta has heen tiken, with 
which to compare the othe. exporimenta, 

Measurements wore also tokon of tho thickness of the sheet, In the plana 
of the upstream face of iho weir, ‘This was dono by" moans of a graduutud 
rod terminating in a fino point, and so arranged as to alido in o vortionl gLoove, 
supported from one end of the weir, ‘hese measuvamonta wore not taken wilt 
the same precision as woro the depths on the woir with the hook gauge, prin 
cipally in consoquence of tho oscillations of the surfree. 

Tn consequonce of tho want of symmetry in the chumnol carrying of the 
water from the woir, the wator on tho downstream sido did not asaime the 
same height ot both onds of tho weir Ganges wore placod ab both ouds, pro- 
tected in: considerable degroo fiom tho agitation of tho wator immediately 
below the weir, ond placed so ag to indicato tho hoight of tho water a shoit 
distance downstream from the shect, but tho heights token at these gouges hase 
not the exactness of those tukon with the hook gauge, Thora were alw oneh 
greater variations in the height of tho water during tho como of an oxperk 
ment, than ocourred on the upstream aide of tho woiry somo of tho heights 
. given m column 9 may consequently be erroncous to the oxtent of 0.02 feol. 

Tho differences given in column 10, indicnte the effect produced on tho dix 
charge by the height of the water on tho downstream side, When this height 
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was about 3 inches below the top of the weir, the efuet was isensible, When 
uhow, evel with the lop of the weir, the obstruction was very minule and 
Darely sensible, When the height on the downstream side was about } of an 
inch above the top of the wou, (ab which height the sir did nob remain under 
(he sheot,) the increase im the discharge is quue sensible, the discharge with the 
sue deplh being increased about zy}, When the heght on the downstream 
vside ws 125 imehet above the top of tho weir, the obstruction is quite distinct, 
nud jt inereasoy rapidly with tho increase of height * 
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UXPERIMOINTS ON THUD TLOW OF WATER OVER WEIRS, MADE AT TWD LOWER 
LOCKS, IN LOWLIL, 


188. In tho yenr 1852, the author, in connection with James F. Baldwin, 
Esq, the ominent engincor of Boston, Mnssachusotis, was omployed to ascertain 
tho amount of wator-power used by tho soveral manufacturing companies at 
Lowell. In order to bo ablo to do tus in a salislactory mannoy, il was found 
nocossary to determine anow the rules for computing tho discharge of water over 
weirs of certain forms; and for this purpose an extensive series of experiments 
was made, with a very complete appaatus, and on a scale of unusual magnilude, 
Tho oxecution of these experiments was intrusted to the author; and Zhe Pro. 
pricing of the Locks and Canals on Merinack Iuer, at whose exponse they were 
mado, have, with great Iiborality, given tho author pormission to publish an 
aecormt of them, 

189, Tho groat difficulty in this kind of oxporimcnt, usually, is to obtain a 
anilailo basm in which the water flowmg over tho weir for a certain period of 
time may he actually measured, Fortunately for our purpose, the Lower Locks 
at Lowell are seldom used, oxcopt dming the high water in the spring, whon 
ruis can pass over the rapids in tho yiver below, Those locks woro rebwill 
principally of wood, in £841, and at the timo when the oxperiments were made, 
they wero still in good condition; thoy however required somo alterations to 
adgpl them to the requirements of the experiments; which alterations, togathor 
with {ho entixe apparatus omployed, and the mode of conduoling tho experiments, 
will now be described 

140, Plutc XI, figure 1, iy @ goneral plan of the Lower Looks and the 
vicinity, on a reale of eighty foot to an inch, A is tho lowor lovel of DPaw- 
tucket Cunnl; 7, tho Easton Canal; ¢, the Concord Rivor, which ontois the 
Menimack River ab about 1200 feet bolow the foot of the lock; D is the dam 
for diaharging the surplus water from the Pawtucket Canal into Concord River, 
posing through the wasleway 4; 2% tho Middlesox Mulls, which aro carried by 
wator-power from the Pawtucket Canal, through the covered penstock Ws % an 
npparaiua erected for the purposo of gauging the water drawn by the Middle- 
sex Milla, which was removed before these experiments wore made; 2 the upper 
chamber of tho lock, which was converted into the gouging basin for these 
oxpoiments, an which is represonted as it was before tho alterations were made, 
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141, Plate XIT yopresonts the ganging chamber subsequent ta the aller 
tions, on a scale of 10 fect to an inch  Jigure { is a plans figure 2, a lon 
gitudinal section; and figures 8 and 4 transverso soctions, ‘The side wall A was 
built m 1822, of large and small stones lnid without marler; in oder to rondex 
the lock capable of holding water, it is lincd with planks about threo tnchos 
thick, scoured by tree-nails and spikes lo wooden frames, which me supported on 
the bottom by tho cath and some rough walls, and on the sides by tha side 
walls of the lock, As originally constucted, the plunking was fistened to posts 
resting immediately agninsh the sido walls; but when reconstructed in 184], the 
chambers, together with tho gales, wore narrowed to tho width represented, which 
ig about ono half tho former width; at that time, alo, the parts 27.4, abeul 
the hollow quoins, woie built anew in ont granite, laid in hydraulic coment. 

To piopare the chamber for these experiments, tho uppor sol of lock gutos 
and the comosponding mitre sills wore removed, and the woir ¢, plato XIE, 
figures 1 and 2, constiuctod in place of them; tho middlo gatos were n'so 
removed, and the lower end of the chambor closed with timbors and plank, 
ad represented at 2; in the lower pmt of this timber worls tho waste gule A” 
was conslrneteil, for tho purposo of drawing off the wator from the chamber, 
after each oxporimont. 

Tho construction of the wooden sijtos of tho chamber was such, thal when 
the chamber was pavtisily or wholly filled with water, thoy would yield a Hullo 
to tho pressure, and the capacity would, consoquently, be increased beyond what 
it was when empty, which waa necossarily the case when the dimensiona were 
iaken, To diminish, ns much as practicable, thin source of error, tho Intneon 4 
were plnced across the chamber, just above tho waterline 27, nomly up “to 
which the chambo: was filled in tho exporiments. ‘Theso braces were placed 
opposite each side timber in the frame of the chamber, oxeepting al df (/, where 
a flooring of thick plank, put in for another object, answorod the samo prrporo; 
afterwards, very accessible timber in the sides was slrongly bracod aut keyed up 
from the side walls, which was done wilh such forco, thal tho onda of tha braces 
weve indontod:into tho planks formiig tho sides of tho chamber, Ab J0U5 
whore the space betwoon tho walls and tho plunking was too small to adil of 
the bracing, the spaces belwoon the timbors wore fillod with small stones, dropped 
and iammed in from the top. Those operations sliffoned the aides of the 
chamber so much, that the correction required for iho qulargoment of the enpac 
ity of tho chamber, in consequence of iho yielding of tho sides, wax very minute. 
All the leakages that could be" detecicd woro stopped by various contrivances; 
the depressions in the planks, about the heads of the spikes, wero flled up with 
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cement; Luo sides of the planking towards the chamber were soraped, and ron- 
dered ax smooth and uniform as practicable. 

A. part of the wall A was removed at J, for the purpose of discharging the 
water, flowing over the wen, direcily into the wasteway, whenever it was necos 
sy to divort ils low from the chamber; the floor @@ was continued through 
the wall, as represonted in figures 1 and 4, plate XII, 

142, Plato XTIL, figme J, is a longitudinal sectional clovation through the - 
middle of tho weir, showmg most of tho apparatus immediately comected with 
it, A is @ plate of cust-hon forming the ciesp of the weir; it ‘is ton fect Jong, 
thirloen inches wide, and an inch thick, accurately and smovthly planed in every 
parl; tho upper corner presented to the current is squac and sharp, or as 
noatly so as casthon can be conveniently maintained; the horizontal part of 
tho top is 0.25 inches wide; the remaindor of iho top is bevelled off at an 
anglo of 46°; this plate is secured to the timbor work by numerous snows 
with counterunk hoads; the timber work is alrongly bolted to tho” granite hol- 
low quoins of tho lock, Tho onds of the weir B aro formod of plates of cust 
fron, of similar section to the plate A. She wholo upstroam side of tho woir 
forms ® vertioal plano 18.96 foot in longth, and 460 feot in depth, from tho top 
of the plate A to the top of the masonry @; the upsticam side of the plates 
J? axa also in tho same vertical plano. 

D is tho swing gate for admitting and diverting, at will, the stream of 
water flowing over the weit, into or from the measuring chamber A LEP 
te leak boxes or trough, to eatoh the Jonkage by tho edges of the sawing 
gity, when shut ‘The water thus caught is conveyed to openings G@, eut through 
th® plauking on each side of the chamber, through which it is discharged, thus 
preventing any vmbatrasinent liom the: leakago of the swing gate when shul, 
ad it doves nob cuter the chamber & The swing gato is susponded from the 
pivots J2; all its parts are imade as light as practicable, consistent with the 
vequived sifhess, in order thet the time occupied m opening or shulling il may 
he ax xhort as posible A very important part of tho exporiments consisted in 
detorm ning tho length of timo during which tho water flowed into the nicas- 
wing chamber A; this was obtained by observing the timo when the swing 
gile “was opened and shut, which was done by an obsorver in tho building 4 
by moins of an electric tolegraph and a marino chronometor, in the ‘following 
manner, ‘The break eirouil apparatus & is fixod m such a position that, when 
ono nlf only of the stream jlowing over ihe weir passes into tho chamber, the 
can £, atlached to the fiame of the swing gale, deprosses the knob ay repre- 

td 
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sented in the plate, and breaks the cirouit of the elvetrio current in the wire 
UM; this causes 9 sound to be mado hy the call WY, in the small building 7% 
where sits tho observer with his eye on the cliwonometer, who notes the time 
when the sound 1s made; the chronamoler used beats half seconds, but, by 
employing a practised observer, the timo was nolod to tenths of a second, to 
error probably 1aroly cxceedmg two tenths of a second, Tho gale, with ils 
accompanying apparatus, was balanced, so that it could bo opencd or shut with 
sensibly the same amount of force; this balancing wes done wilh the water flow- 
ing over the weir, and was done anow for cach material vuniation in the quan- 
tity. To each of tho timbors 0 and 2, plato XUT, figure 1, was attached, by 
a joint, a prop Z, shown at figuro 4, plate XII; tho prop al tho timber 0, 
foy tho purpose of retaining the swing gate in ils position when open, and the 
other at the timber Z, to retain it in position when shut, he movement of 
the gate waa produced by placing weights upon tho framo at @ and 2, pluto 
XII, where the gato is represented as al the middlo point of its motion wlilo 
shuiting; the motion being producod by tho gravilation of tho woiylua ab @. 
As soon as tho gate is shut, tho prop 7, plato XIE, figuro 4, is placed under 
the frame at 2, plate XUL, and koyol up tight; tho woights are thon takon 
off at Q, and about the samo amount of woight is placod at 2; thon, whan ib 
is desired to open the gato, an assistant strikes tho prop from under # with a 
sledge-hammer, when the weight at 2 causes tho gato to opon; tho prop Ja 
then immediately placed under tho frame at @ ‘To provent injurious concussions 
from the action of the weights, thick pieces of Indiarubbor, operating as springs, 
were fastencd on the undarside of tho fame at @ and 2, which, whon te gato 
attained oither of its oxtremo positions, struck upon tho corresponding stops* 
and TF 

From the foregoing description of the apparatus, tho mannor of operating the 
swing gate will be xendily understood. Tour assistants wore employed for tho 
purpose. Suppose that the chambor is nemly filled, and that it is required thal, 
whon the water roaches a oortain height, tho flow of tho water shall Lo diverted 
from the chambor: one assistant, who hw been watching the riso of tho water, 
gives a signal when tho water has reached the dosiod hoight, at which tho prop 
under the frame at Q is immediately kmocked away, the woights ab @ cause the 
gate to move until it strikes tho wolr, or the Indiarubber springs simke the sloys 
2; at that moment another assistant places the prop under 2, and tho flow of the 
water 18 diverted from the chamber; another assistant thon changes the weighty, 
and the apparatus is ready for the reverso oporation by which tho gato 1s 
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opened, Much time was ocoupicd in adjusting this apparatus so that the cam L, 
pluto XTIL, would alike tho break civenit, whon the gate was in such a position 
that ono half of tho water fwing over the woir passed into tho chamber; and 
alww, thal the limo in which the gate moved through cach half of the thickness 
vf the sheet, would be the same It required a now adjustmont for cach depth 
upon tho weir Precise accuracy was nob attamed or attempted, in any of these 
adjustments, but such an approximation was made, that it is believed that the 
errors nising from want of complete oxacinoss, are entirely insensible in the results. 

148, ‘The depths upon the weir were observed by moans of the hook gauges 
7 and ¥, plate XI, figures { and 2, and plato XML, fgme 1. One of these 
gtiges ix represonted in detail by figures 2, 8, and 4, plate XIIL, $ tho full size, 
They wero mado by the Lowell Machine Shop. ‘This valuable instrumont has 
len guffiviontly described in tho account of the oxperiments on the Tremont 
Huihing (art 46), TLhoso gauges wore placod in wooden boxes closed on all sidos, 
exoeplh g at the top; in the bottom of each of which was a hole about an 
juch in diamotor, and in that part of the bottom projecting beyond the lines of 
tha eanw walls, due caro being talon that the plugs, by which the holes wore 
partially closed, did not projoct through tho bottom, In the experiments on the 
wor in which the end contraction was suppressed, « communication was ostablished 
hetwoon the gauge boxoy and the canal leading to the weir, by pipea opening at 
By, figures 8,9, and 10, plato XIV, The pipes opening near the bottom of the 


ema, six fect from the weir, forming part of tho system for talking the heights . 


wt different distances from the woir, wore also used in some of tho cxperiments. 
‘Mio boxes wore scourcly fasioncd to wooden posts in the ongles of the gato 
rodeasex; and tho posts wore slvongly fustened 10 tho walls, by several iron bolts 
dyiven into holes dite in’ tho granite stones for the purpose, It wag vary 
imporlint that theso gauges should be immovably fixed, relatively to the woir 
Iu ta probable, however, that Uhoy wore not perfectly firm. During the course of 
tho experiments, lwo comparisons woro made of the relative heights of tho gauges 
wut tha lop ef the weir; ono on October 26th; tho other, November 8th, when 
there was found to be a xevsiblo difference in thom, the most probable cause 
of whieh was, that changes took place in tho absoluto height of the gauges, 
Unt did not afluet the wer in tho same degroo, It is diffioull to peigcive how 
the wolr coukl chango from a soltloment of tho masonry, founded, as it is, on 
rock; tha walla to which the gouges wero attached, were much loss substantially 


butlt nnd not founded on rock; it is not impossible that changes took place in 


tho timboravorke of the woir, by the absorption of water, notwithslanding it was 
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Gxed in place sevornl wocks before the exporiments were made, wilh ea view to 
its complete saturation, 

If the apparatus is eufficiontly stable, tho comparison of the hoights of the 
hook gauges with the top of the woir, can bo mado with any desived degres of 
precision. For making the comparison in thoso oxporimonts, the following appara. 
tus was devised. Tho water being draivn out of the canal, tho top of tho weir 
was inclosed in a watertight trough, containing only a small quantity of water, 
but sufficient to cover the erest of vhe weir to a simall dupth; this trough was 
gomected with the hook gauge boxes, by leaden pipes; the boxes wore venderoc 
water-tight by coating the joints with pitch, and plugging wp Uie holes in the 
bottom; thoy were also carofully propped up. The communication being Ire, 
and the leakages very small, the water on tho crost of tho woir and in the 
boxes, would stand at the samo lovel; consequently, all that remained to Ie 
dona, was to measure tho height of the water with the hook gauges, and, at the 
same time, the depths wpon tho crest of tho woir, Tho monsuromont by the 
hook gauges provented no difficully, as i required nothing more than the ordi- 
nary use of the instruments To monasuro the depths wpon tho cereal of tho 
weir, had always beon a difficulty in making similar comparivons; to moel it in 
this case, tho instrument, ropresonled at plato XTIT, figure 5, waa dovised. Tho 
points were numbered from 1 to 10, and the exact height of each of them 
ubovo a horizontal plane, on which tho instrument stood, was ascertained, In 
using this instrument, the water in tho trough was adjusted to a conveniont lovel; 
the top of the weir was divided into ten equal spaces; the inalrumont was 
placed upon one of thom, and when tho wate: becamo quite tranquil, tho mum 
ber of the point that coincided with tho surfheo was noted, and, at the sue 
moment, the heights of ihe wator in the boxes wore observed with tho hook 
gauges If (as was usually tho cnse) the surfico of the water did not oxuelly 
coingide with either of tho points, the true fractional numbor was ton hy enti+ 
mation Tho adjacent points differed in hoight about 0.001 feet, and n fourth 
part of this quantily was sufficiontly distmet not to bo doubtful, 

As m 6xatnple of the precision attainable by tho uso of this instunont, the 
following results are givon of the comparson of tho north hook gouge with the 
weir, mado during the night of Oclober 20, by Mr, John Nowell, ‘Tho rowullx 
indicate the corrections to bo applied to tho reading of tho hook pauge, lo give 
the true height of tho surface of tho water in the gaugo box, above tho top 

_ of the weir, each result being » mean of cloven mensuroments mado ag oquidis- 
tané points on the woir, 
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By tho Ist trial, tho correction was... 6... 0.08076 fect. 


seme | 6 Hee eee ee 0.08082 
« 8rd od Be ee we we 008076 « 
ff 4th « # We ee ee we 008098 « 
Ms Sth * “« We ee ee es 008079 « 


Mem ow pw ee eee ee ee ee ey 008072 Leet, 


The extreme variation ja between the 2nd and 4th tials, amounting to 0.00064 
fuel, w quantity scarcely visible to the naked eye; of comso, in tho mean rosult 
of all the trials, the error of obseivation must be entirely insonsiblo, 

Tu hog boon yomarked that the comparisons mado at different times, did not 
givo tho samo resulty, ‘Two complete comparisons wero made, as follows: — 









CORRICLIONS 
DAL, eee ee 5 
4864 North hoac gango Bout hook gar go 
Bot Yoot 
Octobar 26th —~0 08072 ~~ 0,02786 








November 8th, —~ 0.08250 —~ 0.08060 






Considering tho caxo wilh which these comparisons wore made, and the per 
feation cf the metho, the differences cannot be attributed to orrors of observa- 
tion, but, iather, to a want of stability in some parts of tho apparatuy ‘The 
coureclions delermined Octobor 26th, were used in reducing all the experiments 
mude fiom October 20th, to November 7th, both inclusive; for all subsequent 
Oapeuimeuty, the conectious found November 8th were used, 

Tho twenty-thiee experiments numbered fiom 11 to 88, in tablo XII, were 
mally under cireumslances ax nearly identical og practicable. They were mado ab 
different times throughout the course, for the purpose of neutralizing crrors of 
the sumo class as that just desaibod, the resulting effects of which ought 10 be | 
khown by the vaiation in Uo cooflicionts deduced from exporimonts made at 
different tines. ‘These experiments aro collecled together in the following table: —~ 











7 eee mae a oe 
D floronces fro n tho ‘e 
DAN Nuiihor of monn le luce fro all}; 
expert: —) Moon coviilelonts | die export monte or 
1852 rents from B BME. | 


Oct. 201h, roar and Oc 2ist,aan| 6 | Beisc | 0.0087 
Oct Qlat, pear, and Out. 22d, Aa 8 8 8216 » 0.0007 
Oot 29th, Poa 6 8.8278 « £0,0055 
Novy, Ulth, vat 8 8.8207 ~~ 0,0016 
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Tho oxtrome variation iy betwoon the experiments of Oclohor 20th ant 20th, 
in which if amounts to 9},. Tho greatest difference from tho mean deduce t 
from all the 28 experiments, iy in the covfficiont deduged fron the exporimcnta 
of Octoher 29th, in which il amounts to yfy. Tb ix thir to presumo that sim - 
lav ‘inregularitios, not in any caso much oxcceding the above, and arising prince 
pally from want of stability in the apparatus, oxist in other parts of this series 
of experiments. 

144, ‘The capacity of tho gauging chamber waa ohinined hy measuring ils 
dimensions. For this purpose, hovizontel lines woro traced on the sides of tls 
chamber at every foot in hoight; tho widths wore thon mensured ab right 
angles to the sides, at pointy two foot apart; from theso widths, amd other necor 
sary measmements, the total areca was obtained at each horizontal section, When 
these measurements were made, the chamber was of course emply, but when 
fillod with water, its dimensions would ovidontly bo somowhal larger, in cones 
quence of the sides and bottom yielding to tho pressure, ‘lo ascertain whut 
allowance to mako for this, a systomatic monsuromont was imado in tho Kpawes 
between the planking ond the walle, both when the chamber was ompty anid 
when filled to the usual height; similar mensuromenta were made for the hatlom, 
by placing poles vortically, vosting upon, and fastened to the bottom; the clovn- 
tions of the tops of those poles wero taken with » lovelling instiument, both 
when the chamber was ompty, and when filled, It was thus ascorteinod that the 
capacity of the chambe., whan filled with water to tho usual heighi, wes L111 
cuble feet greater than when empty. 

Two persons mado independent measurements of the enpacily of the chamber, 
the results of which differed only about 4+ of a eubie foot, a coincidence whith 
must of comso be considercd as accidental. Tho capacity, finally determined upon 
for 9.5 fect in height, (which was nearly the dopth filled in onch oxputnent,) 
e including the enlargoment resulting from tho pressure, way 123818 cubic 
eet. 

145, The chamber was nol quito wolomlight, but tho amount of the louknge 
was determined by noting the vate at which the amfaco of the water lower, 
when none was admitted from tho weir, an the waste gato waa closet; this 
was repeated with the wator in tho chnmbor at different deptha Ib waa thus 
Tound that the mean loakago was 0,085 cubio fool por second; that is, tho 
product of 0985 multiplied by the number of seconds that tho water flowing 
over tho weir continued to enter the chambor during an oxporimont, must be 


“added to the quantity in the chambor at the momont ithe water was diverted, 


in order to give the true quantity that passed over the wolx in the same time. 
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146. Lt was not convenient to ompty the chamber entirely after cach expori- 
monl, but the he ghis of the water in the chamber at the begiming and end- 
ing of ouch, wore ascorlained with great accuracy by imcans of hook gauges, 
placed in the boxes X ad Y, figures 1, 2, and 8, plate XIL, which were fistened 
to a post strongly bolled to the wall 4. A communication was established, at 
will, between tho water in the chamber and cither of the boxes, by pipes and , 
eocks, ‘The operation of taking the heights was as follows: the chamber having 
heen sufficiently ompticd, the waste gate 2 was closed, tho communication of 
the lower box with the chamber way cstablished, and when the oscillations in 
the surface had consed, tho height of tho water was taken; the cook was then 
shut, and a signal made for oponing the swing gate. When the chambor had 
heen fillod, and tho flow of water into the chamber diverted by closing the 
awing gate, the communication with the upper box was opened; when the oscil- 
lations had ccased, observations of the water wore taken at short and regular 
intorvals, for some minutey, tho time and height being noted. In consequence of 
the loukage of the chamber, the surfice lowered slowly, and tho continued obger- 
vations were made for the pwpose of being able to infor the oxact hoight. at 
which the water stood in, tho chambor ot the instant that tho swing gate was 
shut, the vory slaw rate at which the suifaco of tho water in the chamber 
Jowored, permitting this to be dono wilh gical precision, ‘For tho success, how- 
evo, of this operation, it was essential that the timekcepor used should agree 
with tho chronomoter, by which the times of opening and shutting the swing 
gale were noted; it was accordingly fiequently comparsd, and any difference 
notok 
mm 147. Pluto XIV. reprosonts the different forms of weit on which experimonts 
wore mado, All tho Agurps me on tho same soale, namely, five foot to an inch, 
or gy the full size, 

Figuro J is a longitudinal section, figaro 2, a plan, and figuro 8, an cleva- 
{ion of whut we call tho regular woir, that 1, a weir in which the contraction is 
complote, both on tho enda and on the bottom 

Figure 4 is an clovation of a wou of procisoly tho same form as that last 
dosoriboil, exeepling that it is divided into iwo equal parts or bays by the». par 
tition, which ix two fect wide, The upstream side of tho partition is in the same 
vortienl plano as tho romainder of tho weir, having no boli heads: ot other pro- 
jection below tho level of tho surface of the water : 

Figures 6, 6, and 7, reprosent a weir of precisely tho .same form as that 
fivat above described, oxcopting that tho dopth of the canal approaching the weit 
is diminished = * 


& 
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Tigures 8, 9, and 10, represent the sume woir as first above described, modi. 
fied so that the contiaction at tha ondy is suppressed, Unt ix, the canal leading 
to the weir is of the samo width as tho wei, ‘Theso figures abo show the 
appantus used to ascoilnin tho oflecl of taking tho dopthy upon tho woir at 
difforont distances from il, by means of pipes opening noar tho bottom af the 
canal. 

Figures 11 and 12 yvoprosent tho upper part of a dam, of the samo section 
ag that erected by tho Fysox Company, in 1846-8, amoss tho Merrhnack River 
ut Luwsenco, (about nino miles below Lowell). ‘This imagnificent work hes an 
overfill 900 foot in length, the perpendicular ful being abant 24 feat, Tha 
form waa exporimented upon, in order to obluin a formula lor computing the 
flow of the river over this dain, 


DHSORILIION OF TANT NIU. 


Contatung tha dotals of the expartmonts on tha flaw af water over wotre, neda at tha Lower Locks, 
Lowell, in October and Novembor, 1852, 


148. The columns numbered from 1 to 5, require no further explanation than 
is contained in tho respective headings 

149. Corvan 6. Duration of the experiment, This ia tho intervalsof time diving 
which tho wator flowed mto tho chamber; it iy obinined hy taking tho ailpsaiee 
of the corresponding tines in column 6 4s 


150, Conv 7. Mou depih upon the weir by observation, Th was found impryye Sb 


ticable in many casvs, to maintain the canal ab a uniform height thronghout an 
experiment, althongh evory endcavor was made. Tor inslanco, no experiments 
were made when the mills wore in operation, nor until some hours after the 
usual time when they cersod drawing water; this rendorod it necessary to pe 
form ‘the oxporiments cithor duwing tho night, or on Sunday; in congoquence of 
the Intoness of tho season, advantagd wns tnkon of both thoso opportunites 
When any chango was mado in tho levol of tho water in tha canal, for the 
purpose of varying tho depths upon the woir, a considorablo timo was allowed to 
clapso before the experiments were rosunod, in ordor that the tovel of tho water 
might got woll established, In spite of all precautions, howover, variationa fre 


quently occurred in the depths upon the woir, which, with the ordinary mode a 
ave 


taking an arithmetical mean of the several observations of the depth, woud h. 
matorially affected tho nccwacy of the results; this difficulty was obviated in a 


6 
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great degree, by the use of a novel mode of obtaining the mean depth, which 
will now bo explained. Let 


i, i, }', cle." vopresent the soveral observed depths upon the weir, the suc 
cossive valuos not difforing groatly from each other. 
tf v,oto0", the corresponding intervals of time botweon the several obsorvations; . 
Z, the sum of all the intervals of time, 
Q, the total volume of wator actually flowing oyor the weir in the 
lime 7; 
Z, the monn depth upon the weir that would discharge the volume 
« Q, in the timo Z; 
4 the length of the weir; 
CG, a constant cooficient: 


wo shall hnvo, ovidontly, very nearly, 


mal pag tfel! paar vad 
Qa), On =F oui SEE ona ot. 4-8 0%n®: 


any at" oy ae} 
Q= CUS PAL IL oto, 808): 


we havo also 


Q= TH: 
whoneo we derive, by substituting tho valuc of @ previously found, 
U 1 et z! ‘ tm 
i tm A ia ote “5h | 
PI 


Ag on oxamplo of tho application of this method, let us take tho obsorvations 
made ab the north hook gaugo during oxperiment 74; this is sclecied, simply 
ocauno tho variations in tho depths upon the woir were greater than in any 


other oxperiinent, ’ 
16 
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TXTRACL TROM TIN NOS LAKEN AL TI NORUE HOOK GATGn 


Onto wr Bt RWB aw, 


: DG, w toh 12/7 fiat 
Hondlg af the. 
SINR hook ge yo 


9 0" 15" 0.0800 
10 60 0.6820 


Commancomunt of (60 Gapeur lL 46 0.6825 
mont by t 0 tine of Gis with | emma ee 
oly 12.4” 12 45 0.6810 


18 16 0.0310 
JL 20 0.6900 
ld 60 0 6365 
15 20 00290 
16 80 0,0300 
wo 0.6885 
17 6b 0,080 
18 Bh 0, 3180 
1D 20 0,500 
200 AO1T0 
20 65 00170 
21 2h OG TIS 
22 10 0 6530 





Swarr anacemewe esr 


. 22 8b 0.0550 
Linding of to oxpeilnonthy] 28 6 0.0180 
tho fine of Has watch oh 21 28 46 00080 
49.0" 24 85 0 6008 


Avithmatiau , 
* mean readin A 00 128 





For the purposo of s'mplifying the operation of finding tha monn, iteolt 
assumed that wo can, wilhont scusihlo ovror, uso an atihmetion! mon of all 
depths not varying more than 0002 feet from onch other; accordingly an mith 
metienl mean has been taken of all tho 1¢adings marked J in the margin of 
the above table, and similar means have beon taken of the other rendings marked 
with the seme numba in the margin It will bo percaived that ib was nected 
at 9" 6, that the watch was 12” fast; by another comparison with tho ehenom 
ctor made at 10" 47’, the watch was 22" fast; from theao two comparisons it ie 
inferred that, at the middle of the oxperimont, the watch was 138” fist Instead 
of changing the timos of all the observations, tho timo of tho commoncamonl and 
ending of the expaimont has been changed to conform to this watch, bub for 
the purpose of this reduction only, By tha mothod adopted, it ie assumed thal 

* the height of the water did nob change until half tho interval of timo botweon 
two consecutive observations had elapsed; accordingly, we find that the time ror 
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responding to the first moan depth, is from the beginning of the experiment to 
O14" 86", or 1420", and from 9" 18’ 5 to 9 16’ 47.5" or 1026", making 245.1” 
The several mean readings and tho coiresponding timos, given in the following 
thle, ave obtained in this mannor; tho depths upon the weir corresponding to the 
sevoral mean reading, ao also given, which are found by subtracting 0.08072 foet 
from. each moan xending, (see art 143), 






















oo 

Numbor {Meat road 1 ¢ of ho T aponreenont: ows dany 41 oe 
of oe ho k guge rol g 4 nat a ecvoritl , 
nocd Foot Fut 

1 0.68020 2451 0.50018 

2 0 68850 425 0,(0278 

ri) 0.08725 750 0.60653 

4 0.04450 875 0.01878 

6 0.61750 1075 0.61678 

6 0.65000 425 0.61028 

7 0.(5400 625 0,62828 

8 0 65800 45,0 0.62728 

9 0.66050 0.02978 * 





Tho quantilies in tho thiid column of this table aro the yalues of ) oe ote, 
in tho oxprossion givon above for JZ; the quantities in tho fourth column are 
tho corresponding values of 4,2’, ole. The valuo of 7 boing 757.5, all the 
quantities in the second inembor of the equation avo known; by substituting these 
values wo find 


MT = 0.6118, 






Tho arithmetical mean of the eightoon observations is 0,6428; deducting the 
correction 0.08072, we find the mewn depth to be’ Q6121; tho difference by the 
methods is 0.0008, 7 

A. similar computation on the obsorvations ab the south hook gauge gives 


I= 9 6099, 


By taking the avithmoticn moan of the observations, we flud tho depth, by the 


south hook giugo to be 0.6096. " 
The mean of the abovo valuos of ZZ, or 06106, is adopted ag-the depth on 


the weir in experiment 74. 
A. similay veduction has been made of the observations at cash hook gauge, 


in oll tho exporimonts; the arithmotical mean of the tyo rosults obtained for” 
each experiment, is givon in column 7. 


“ig 
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Notwithstanding the advantago attending this modo of reduction, ib cannat he 
denied that, for the most porfect exporimonts, tho depth on tho weir should bo 
invariable throughout, and that, ewleris paribus, tho oxporiments will bo tho loss 
valuable, the greater the variation, ‘To onablo tho reador to judgo of tho rela 
tive value of the exporiments, as far as it depends upon this variation, tho small 


+ figures to the Ieft and abovo tho several depths in column 7 aro given; thoy 


indicate tho highest number of values of /, ’, X", oto, uscd in the ieduotion of 
the observations, at cithor of tho hook gaugos, in tho corresponding oxporiments 

161. Conumn 8 Afean veloculy of the water approaching the weir. This in obtained 
by dividing tho corresponding quantity of water Rowing over tho weit, given in 
column 14, by the aron of the section of tho canal, ab the hook gaugo boxes, 
In the weir having contraction at the onds, this would atriotly include all tho 
space tinder the gauge boxes, although, from the form of tho walls, it ix evident 
that the current could flow only in a small part of this apaco; conxuquently, 
the portion in which the ourront could not How is not includod»in tho aureus 
used, 

162 Conwy 9 Lead duc to tho velocity in comm 8. This is sufficiently 
oxplained in the heading, 

158. Corum 10. Depth upon the weir, corrected for the veloaily af the water 
apm oaching the wei. In tho common formula for tho discharge of water over weirs, 


Q== OLUGY Qg IE. (A) 


The second member may be soparnted into threo factors, namely: ¢, the coofMiciont 
of contraction; 7, the Jongth of tho woir; and Wiy2yzJT, the thoorotionl digoh aa 
for the unit of Jength. According to a well-known elementary theorem in hydrue 
Tos, tho Intter factor may bo represented by tho aroa of a segment of a parul- 
cla, of which the pmamoter is 2g} thus, in figure 5, plato XU, if Ads dG 
and BO= ¥27ZZ, and tho ourve AMO is a parabola, of which tho vortex ia A, 
wo shall have tho area of tho sogmont AB Os J18V2g 7; also, tho volociiy of 
the fluid at any point P will bo rcpresentod by the ordinato PW; Tho fiatur 
HiV2gIT may also be decomposod into two othera: Maza, and ty Qgdt, which 
cquals the mean valua of all tho ordinates of dhe parabola batwoen A aud €, 
and voptesonts the menn velocity of the fluid for tho wholo height of tho ori 
fice, In demonstrating this thoorom, it is assumed that tho water in the reser 
voir is at rest; wo can, howover, @ casily establish an analogous theorem, in which 


"it is assumed that the water in the reservoir has a velocily approaching tha 


weir, in tho direction perpendicular to tho plane of tho weir Supposo 4 to be 
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the heal duo this velooily; and in figure 6, plate XII, lob ABs: and AD==A, 
wo shall have for the velocity v', ab any poms 2 in tho height of tho omfce, 


ce Vig (APE: 


bul this value of 2 is tho ordinate coresponding io the abscissa, AP-+-h= DP, 
of a parabola whose parameter is 27, We have also 


B= V Ug (U-+h). 


We can, consoquontly, represent the discharge for the unit of length, by the area 
of tho surfuce ABCG, which is a portion of the segment BOD; the aron of 
ABCG is the difference of the arens of the segments BOD ond AGD; the 
wren of BOD ix 

; 1BD>X BO=1(U-EWV 29(-FI), 


aud the mew of ADE ts 
1AD x A C= UV igh, 


consequently, tho arora of ABCC is 


(1-4-0) Og WEB) — shy Tp 1 V2y[ (+4) —a]; 


and fo. the total discharge we havo 


a 





O = ave [ (+ aha]. (2) 


The formula (A) may be put under the form 


Q== Cay ay u', (9 


/ 
Suppose J’ to ropresont a depth upon the weir that would give the chysoharge 
Q by the formula (0), we shall have te 


Q== ClVig dT: wie 
substitnting the valuo of @ in (7), and reducing, wo find 


w=|(a+o—F 
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The equation (B), from which tis value of JZ! iy derived, door nob agrea 
with that given for a similar caso by most writers on hydranlies, who som 
generally to have followed Du Buat;" it agrees, howover, with the oxprossion 
given by Weisbach} who appeas to havo been tho first to point out the error. 

The formula (D) was communicated to the anthor, in 1849, by Mx. Boyden, 
accompanied by a demonstration somewhat rosombling the above, 

The yalues of ZH’, givon in column 10, have boon computed by tho for iule 
(D) from the corresponding values of ZZ and & in columns 7 and 0 

164, Conumns 11, 12, and 18 avo sufficiontly expluined by their respective 
headings, : 

155, Conus 14. Quantity of wate passing the weir por second, ‘Tho quantities 
in this column are obtained by dividing the tolel quuntilica given in column 
18, by the corresponding intervals of time in column 6, 

166, Conuan 16 Vadue of OC in tho formule 


Qe O(l—~ Olam’) 24, 


@ having the corresponding values in colm 14, 
In the formula proposed at art, 124, namely :— 


Qe= Oll—bnbyit, 


the values of the constants @ and % are to be detormined by experiment, ‘Tho 
values adopted in the formula by which the cooflicionts in thia column have 
been computed, namely: a==§, d= 0.1, wero determined upon altor many trials 
of other values; in consequonco of thoir giving rosulls according the most Heatly 
with all the experimonta, and at the samo timo having a convenient degrees of 
simplicity. It is quito likely that many othor values of @ and J (jnobably an 
unlimited numbor) might bo found that would accord somowhat nonrer with the 
experiments; 9 closer approximation than is given by tho uso of the values 
adoplod, could have, howovex, but little practical value; much loss, it was Uhonght, 
than would he’ derived from the use of tho simplo valuos adopted. ‘Iho uaa of 
& fractional power, such as a==147, deduced from tho oxperlmonts at the Tre 
mont Turbino (art, 185), is very inconvenient, and, to persons not woll skilled in 
the uso of logarithms, olfo's groat difoulty. 








. 


* Prinotpos d Mydiauhque, ete, by M. Du Buat, Portas 1816. Vol. 1, page 201, 
ft Alyemane Maschinen Encyclopadie, Leiprig: 1841, Vol. 1, pago 489, 
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167, Conus 16, 17, and 18, avo, for the purpose of obtaining correct mean 
rosulls of the experiments, made under cicumstances nearly identical In conse- 
quonce of the variations in the height of the canal (ait, 150), it was impracti- 
cable to repeat the experiments with precisely the same depth upon the weir; 
by the method adopted for obtaining these mean iesults, all inconvemence from 
this source is obviated As the formula by which the values of ©, in column 
16, ave obtained, is such as to givo icsults agrecing very nearly with oxperiment, 
oven whon the depths differ considerably, it is plam that the values of O deduced 
from experimonts having nearly the sume depths, cannot bo allected by small 
variations in the depths, and will be subject io ho greater irregularities than if 
in tho sovoral exporiments from which they are deduced, tho depths had boen 
precisely tho sane, We can consoquontly take a mean coefficient with tho samo 
confidences that we could take a mean quantity, if the dopths had been precisely 
tho samo. ‘Theso mean coeflicients mo given in column 16 In column 17 are 
given dopths on tho weix, nearly a moan of thoso in the expoiiments fiom which 
tho corresponding mean coofticionts have beon deduced. In column 18, are givon 
whet may bo called tho mean quantities of water actually found by experiment to 
he discharged with the corresponding depths in column 17, A method sina to 
tho above was used to reduce tho quantitios discharged in the experiments of 
Castel, reported in tho Annales de chinue e de Physique, vol 062. Paris: 1836; 
reprinted in the fet volume of the Annales des Ponts ct Chaussées for 1887, 

168 Conuatw 10. Quantity of water passing the weir, catoulated by the formula 


2 






in Q== 888 (0—0 Jazz") 1", ' 


QT" having The cor esponding vadues tn column 17 a 

« Tho coolficient 8.83 is derived fiom the arithmetical mean of all the cocfh- 
eionty in column 16, which is 8.3818, tho two final decimals being omitted for 
the sake of simplicity. ‘The Imgest coelficions in column 16, is that deduced 
from experiment 84, which is 8.8617, oxcocding the coefficient adopted by ats 
part; the sinallest coofliciont is that deduced from exporiment 4, which is 8.8002, 
being Jess than the oooflicient adoplod, by zy part; that is, tho formula by 
which tho quantiios in column 19+are computed, will ropresont every oxperi- 
ment in the table, within one por cent. 

169, Coruun 20, Proportional differ ence, or the absolute difference of the quanittes 
tn columns 18 and 10, divided dy the quantity in column 18 The greatest propor- 
tional dufforonce is thal deduced from ‘oxperimonts 84 and 88, which is —0.0090, ~ 
or a little Joss than ono per cont. In those oxperiments there were two welts, 


‘ 
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about four feet long each, separated by a partition lwo feb wide; (he near 
neighborhood of the two orifleos appears lo hava allected the dischuygo. ‘Mio 
next Jargest proportional difference is thal deduced from experiments 36 9 
48, which is —0.0068, or about # of one per cent; in these oxperiments, the 
depth of the water in ihe canal leading to the woix, was only about thvee times 
the depth upon tho weir, ‘Tho experiments with the diminished depth in to 
canal were made for tho purpose of testing the method of conovling the depths, 
upon the web, for tho velociy of the water approaching tho weir (art, 168), 
They indicate that the method is not strictly accurate, as mighl Jiavo boc 
antiapated, omilting, as it does, all consideration of tho effect producod by thi 
velocity, in modifying the contraction, Jt is well understood that such an effect 
is produced," but it is of such a complicated nature, that the invostigntions hith- 
erto undertaken have thrown but little light upon it. 

Tt will bo porcoived by refaing to column 4, that tho experiments 61 to 
55 wore made under tho samo civeunstances as oxporiments 44 to G0, oxeopting 
that the sheet of water, after passing the weir, way prevented from expanding 
laterully for a certain distance, ‘This was accomplished by placing hourds a1 tho 
ends of the sheol, as represented by the Inoken lincs ab A, figuies & and 9, 
plate XIV. By reforring to colman 16, i will be sven that tho offeot of theso 
bomds was to diminish the coofficiont from 8.8409 to 8.8270, corresponding toy 
diminution of the quantily discharged by tho woir, with the same depth, of fas 
or about four-tenths of one per cont; in olher words, tho effect of tho hoards 
upon the discharge was the same es would be produced by shortening the woir 
sty or 4 inch, ab cach ond. By reference to figuve 8, plato XLV, ieynyill ho 
perecived that those boards did not affest tho fico communication Bete ) 
atmosphere und the sir under tho shoot of wator;. if this communtention had 
beon obstructed, so that tho pressure of tho air under tho shoot had been dik * 
ferent from that of the atmosphore, it would have affected tho discharge. 
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LOWER LOCKS, LOWELL, IN OCTOBER AND NOVLMBER, 1882 
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COMPARISON OF THUD PROPOSED LORMULA WITH THE RUSULTS OWTAINGD SY PREVIOUS 
: EXEERIMENLERS 

160, We find on record a gront umber of oxperiinents on tho discharge 
of water over weits; in the presonl state of (he scienea of hychaulics, however, 
a large propoition of them can be considered only in the light of fitwl approxi. 
mations; of gront value undoubtedly, al the respeative epocle ab which they 
wate mada; but it could sorve no useful purpose lo compare thom with the 
results obtained with the more perfect apparatus used of Inte years, ‘Three Atta 
of expaiments have been mado in Dance within tho last thirty yous, on a 
comparatively minute scalo, it must be admitled, but with complete apparatus, and 
conducted with gieat cme, They were made by Poncelot and Lexbros at Mets, 
in 1827 and 1828; by Castel at Toulouse, in 1885; and by Boilenu wt Mots, in 
1846, It will be vecullected that tho application of the proposed formula to the 
discharge over weirs in which the contiaction at tho onda is complete, ix Jimited 
to dopths on tho weir, not exceeding one thid of tho length of the sheets this 
limitation permits tho comparison to bo made with only a portion of tho resilis 
obtained by Poneolet and Lesbros, and Ly Castel. Boileau operated on webs in 
which the end contraction was suppressed, and to which form the Jimitation does 
not apply. 

161. Comparison of’ the proposed formula, with the results obtained by Loneeké and 
Lestvos. ‘These oxporimonts are lo be found among the magnificent sories wade 
aé the expense of the French Government, and yecorded at longth in Zag 
Ayarauhgues su les dois de Pecoulement de Tcau by M. M. Poneelot and Losbros, Paris / 
1832; and’ in the continuation under the samo tithe by M, Lesbros, Paris; 
1851, In table XXXIX, of tho last mentioned work, aro given tho coelficians 
for computing the dischaige over weirs of a variety of forma, and of certain 
lengths, and with cerlain depths of water, by the formula 





d=zmlhVigh, 1 


in which d is tho discharge, m tho cocfliciont, 7 tho length, 4 the depth, and . 
g== 9.8088 metres, or 821817 fect, Ths compmison ean bo usofully made with 
only one of the forms experimented upon, namely: that in which the orifleo 
was made in a thin plate, in tho plane side of a reservoir; tho orifice being at 
a great distance from the bottom and Interal sides, and the discharge mado 
frecly into the air, 
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In table XLV. are given the quantities computed according to Leshros, for 
al the depths for which ho gives values of m, determined by experiment, and 
which are within tho limilation 1equired by tho proposcd formula, namely: that 
tho depth shall nol excced ono third of the length. ‘The quantities are also 
given as compuled by the proposed formula. It will bo perceived by the final 
column of the table, that the proportional differonces are nearly constant, and’ 
that Une quantities by the proposed formula are too small by a little more than 
two per cent. If the cooflicient of the proposed formula was changed from 3,33 
to $41, the computed rosults would agree very nearly. It should be recol- 
lected that the constants in the proposed formula have been determined from 
exporimonts in which the dopths upon the weir wore from 0.6 to 16 feet, or 
about eight times the dopths in the experiments by Poncelet and Lesbros It 
ia the general result of all the precise experments on the discharge through 
openings of a variety of forms, in a thin plato, that, for vory small heads, the 
coofficienta require to be incieascd; which provos that tho law of tho discharge 
varying as tho square yoot of the hoad, docs not hold good for vory small 
heads, Tho comparison in table XIV. affords the same indications; and the 
constancy of the proportional differences, indicates that tho correction of the 
length, to componsato for the effect of the end contraction, is practically correct, 
both for lIargo and small dopths upon the weir, It would not be difficult so 
to determine the values of the constants in the formula 


Q= Ol—~bn)i, 





+. *ypresent tho exporimonts both of Poncelet and Leshos and the Lower 
KA ~Xperiments with nearly the same degree of exactness that the latter ave 
represented, with tho constant thas have been adopted, This would undywbt- 
edly ba an advantage in some particular casos in practice, but if it was 
intended to make the formula general, the snctifice of simplicity would be 
more than on equivalent disadvantage, . 
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TABLED XIV. 


Tho length of the wer ts constant, and equal to 0.G502 fost, 
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162, Comparison of the proposed formula with the results oblained by Cast? dn 
abstract of these expoximents may bo found in tho Annales de Chimie «de 
Physique, vol. 62. Poxis: 1886; and in the Annales des ponls cf chausstes, vol, 1, for 
1887, Povis, It appears to heve boon a leading idea in Uhexe oxporimenty, bs 
imitate, as noarly as possible, tho forms and proportions of the wel ordinmily 
used in practice for gauging streams of wator; in ficl, to reproduce them “on a 
small scale, anticipating that the rules deduced from precise exporiments 
them might be applicd, without modification, to gaugings on a Ingo acalo. Tho 
weir was formed by damming up ea wooden ounal, 24279 foot in widlh, by a 
thin plate of copper, in which the weir was formed, lho cosh being 0.6578 loeb 
above the bottom of ihe canal; tho width of tho woly varying from about } of 
a foot to 24 fect, Tho Iatter width is so near that of the onnal, that the onl 
contraction must have been sensibly modified, ao that any comparison of tho 
results obtained from it would be of lilo uses thoy have consequently hoon 
omitted. In the abstract roferred to, table is given of the cocliicionts deduced 
from the oxporiments, for a varicty of widths and dopths. In table XV. care 
given the quantities computed with these coefficients, for all the widths and 
Aepths to which the proposed formula is applicable; also tho quantities ay com- 
puted by the proposed formula In consoquenco of the small -dimonsiona of the 
canal, the water approaching tho weir had a sensible velocity; in table XV. 
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the dopths on tho weir, for which the quauntitics have been computed by the 
proposed formula, have been corrected for this velocity. It will be seen by 
roforring 40 the final column, that the proportional differences aro considerably 
great, and have less umformity than in the comparison with the experiments 
of Poncelet and Leshros; nevertheless, there is a certain harmony in the results 
of both comparisons, and they serve to show how unsafe it is, in the present 
slato of tho science of hydraulics, to apply rules to gauging streams of water 
passing over woirs, of which the dimensions differ greatly from those in tho 
exporknonts from which the rules have been deduced. 
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TABLE XV. 


Wedth of tho canal loading to the weir 2.4979 foots hoight of the crest of the weir ahora the luton if 
tha canal 0.0678 feet, 
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103, Comparison of the proposed formuli, with thal oblained by Bolea. The 
expoimonts from which Boileau deduced hus formula, ave given at Jength in 
duugeaye des cours Vu a fabl ow a moyenne section, hy M. P, Boileau. Paris: 1860. 
Boilenu has particularly studied the discharge in the form of weir in which the 
comiaction ab the ends is suppressed; that is to say, the form im which the 
weir occupies the whole width of the canal conducting the water to it, The 
proposed formula is applicable 10 this case, by making »= 0. Boileau expori- 
mentud on three weirs of this form; one of them was 5.80 fect in length, with 


the crest “L.B4 feet above the boltom of tho canal; the other two were 24° 


feel in longth, the crest in ono being 112 feet above tho bottom of the canal; 
wil in the other 161 fect above the bottom, the depths on tho weir varying 
from 0,19 foot to 0.72 fecl By a train of reasoning combined with the results 
of his oxporiments, Boileau has arrived at the following formula for weirs of this 
form: 
S--iT 
Q== VS yi OALT LY 29, 
in which 


Qe=ztho discharge, 

Sz= tho height of the crest of the weir, abovo tho bottom of the canal, 
which is supposed to bo herizontal for o short distance, upstream from 
the weir, 

H== tho dopth on the woir, taken before the sheet begins to curve in con- 

sequence of the discharge. 

tho width of bho canal, and also the longth of tho woir, 

9.8088", 7 





The cooMiciont 0.417 is determined fiom a mean of 14 oxporiments, 
Adopting the English fool ax the uit, and reducing, we have 


§--H 8 
= B.BUD6 yp cyf BET (A) 


For this form of weir, tho proposed formula becomes 
Q=3.93.L10"": (2) 


Jl’ being the depth upon the weir, corrected for the volocity of the water 


approaching the weir. 
Those formulas differ so essentially that they can be conveniently compared 
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only by applying them to particular ensox In the formula (A), a8 4 inoronses 


relatively to Z, tho factor - Ws he in approaches unity, which is the linit whon 


§ is infinitely groator than ZZ; in tho Jaticr onso we linvo also, J/’== 27; tho 
formulas (A) and (@) then become identical, oxcepting tho coefficients, that in (2) 
_ being 4 less than in (A). Wence wo may concludo that for any lenglh of 
weir, and for any depth upon it, providing thal the depth of the canul leading 
to the woix, is vory great relatively to the dopth on tho weir, the quantitics 
computed by the formulas (4) and (2) will diffor fy only. 

Tn practice, howover, 8 is seldom very grout, relative to MZ Tek us take an 
example conforming more nearly to tho usual eases theb occur in practice, Tet 
T=1 foot, f= 8 feet, L=10 fect, by tho formula (A), Q== 84562 cubic feet 
per second. In the formula (2), WZ’ is tho depth on tho weir, corrected lor the 
mean velocity of the water approaching the weir; this volovity is equal to tho 
quotiont of the area of tho soction of the canal, divided by tke qumitily. But 
the yuantity itself deponds on this velooily, ‘Tho formula (/#), if pub undo v 
form to give the quantity directly from tho measured depth upon the weir, 
would become very complicated; 1 will bo oqually oxact and much enaior, to 
find tho quantity by succossive approximations as follows, ’ 


Ist approximation. 
Assumo JZ’ == 1, then @ = 88.8, 
2nd approximation. 
re ar i the mean velocity of tho water in tho canal lending to the 


woir is wt Ti * yy = 0.8825 3 and for the head duo this velocity wo have axe? 


ce 


harm == 0011; 


T= [(r4-2)!—e] = 1.0108; 


Q == 34 816, 


A third epproximation in a similar manner gives @== 88.817. 
Tho proportional difference of tho quantities by the two formulas is about 
_ Fro oF a little over two por cont. 

Boileau, in establishing his formula, asawmos that the living foree in the 
entire section of the canal is oxpended in increasing tho discharge over the 
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weir; in the rhothod adopted in this work for correcting the depth on the weir 

for the velocity of tho water in the canal, it is assumed that the living force 

in the port of tho section of the canal equal to the arca of the orifice of dis 

charge only, is oxponded in inerensing the discharge; as applied to a weir of 

tho form under considesation, it is cloor that neithor of these assumptions is 

siviclly Uue; the latter, however, appears to be the most rational, and to agree + 
the best with experiment, 


PRECAUTIONS TO BL OBSERVED IN THE APPLICATION OF 'THE PROPOSED LORMULA. 


104, Q==8,83(L—OlnI)?: 
in which 


Q==tho discharge, in cubic fool per soconcl ; 
J:== tho longth of tho weir ; 

a-tho number of end contraction ; 

Jie= the depth on the weir; 


the Kuglish foot being tho unit of measure. 

When the contiaction is comploto at each end of the weir, 2==2; when the 
woir ia of tho same width ag tho canal conducting water to it, the end con- 
t 





bn is suppressed, and n==0. 

ss formulu is only upplieuble to rectangular weirs, made in tho side of a 
dam, which is vorlicnl on tho upstream side, tho crost of tho weir being hori- 
vontul, uid the onds vertienl; also, the edges of the orifice presonted to the our 
ront must be sharp; for, if bevelled or rounded off in any perceptible degreo, a 
material eMeol will bo produced on the discharge; it is essential, moreover, that 
tho alicam should touch tho otifioe only at theso edges, aflor passing which it 
should be discharged through tho air, in the samo manner as if tho orifice was 
cul in a thin plote, 

Tho formula is nob applicable to cases in which the depth on the weir 
exeveds ono third of the lougshh; nor to vory small depths. In the experiments 
fiom which it has beon detotmincd, the depths have varied from 7 inches to 
nomly 19 inchos, and ihoe seems no reason why it should not be applied with 
safely to any depths botween 6 inches and 24 inches, : 

Tho height of tho surlhce of the water in the canal, above the crest of 
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the weit, iy to be taken for tha depth upon the weirs this height should hic 
taken at a point fu enough fom the weir to bo unallvcted by the eurvatere 
caused by the dischuges if more convenient, it may bo taken hy aneunt of a - 
pipe opening nom the bollom of the canal near tho upstream site of the woh, 
which pipo may be mado to communicate with we box placed in any conveniont 
. situation; and if the box and pipe do not leak, tho height may bo obsvrved, in 
ihia manne, very conectly (art 175). Tlowever the depth. anny he observed, it 
may icquiro to be concclod for tho volocity of the wator hppronching the weir 

Tho ond contraction must cither be complote, or ontively supproased; tia 
necessay distance from the side of tho canal or royorvoir tw the ond of tho 
weir, in ordor that tho end contraction may bo complete, is not definitely deter 
mined; in experhnents 1 to 4, tablo XIE, the depth on! tho weir was about 
15 feet, and the distance from the side of tho canal to tho end of the weir, 
about 2 feet; the proposed formula applics woll to all these oxporiment, In 
cases where thoio is ond contraction, we may agsumo a distance fium the side 
of the canal to tho ond of {he woir oqual to tho dopth on the weit, as tho 
least admissible, in order that the proposed formula may apply, 

As to the fall below the weir, requisite to give o foo dischargo fo the 
wator, it ia not definitely dotormincd; comparison of experiments 4), 60, and 
51, tablo X,, indicates that, whon the dopth on tho weir is Ll foot, and tho entiro 
shect, after passing tho weir, strikes a solid body at about 0.6 fost below tho 
crest of the woir, the discharge, with tho samo depth, is diminished about palsy 
By experiments 1 and 2, tablo XU, it appowra Unt, when tho shoot passing tho 
weir, falls into water of considerable depth, the depth on tho weir boing ‘shout 
0.85 feet, no difference is porceptiblo in tho disohargo, whethor tho water Ryor 
foet or 0,235 fect below the crest of the woir; it ia vory ossentinl, however, mm 
all cases, that tho air under the sheet should havo freo communication with the 
external atmosphere. With this precaution it appears thal, if the ful beluw the 
creat of the weir is not less than half tho doplth upon tke woir, the dischnige 
over tho weir will not bo poreepubly chstructed. If tho sheet iy of vory promt 
longth, howover, more fall will bo necossary, unloss some speolal arrangoment is 
mado to supply air to tho spaco under tho shoot ab tha places that would 
otherwiso not have a free communication with tho atmoaphoro, 

In respech to the depth of tho canal loading to the wair, exporinenta 8G to 
48, table XIIL, show that, with a depth as amall ag throo times that on the 
weir, the proposed formula agroes with oxporiment, within leas than ono par cont; 
“this proportion may be takon as the least admissible, when an accurate gauging 
is required, 


} 
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L. not unfkequently happens that, in consequence of tho particular form of 
the cmal leading 16 the wow, or fom other causes, the velocity of the water 
in the canal is not uniform in all parts of tire section; this is a Moquent cause 
of serious crox, and is often onlirely ovelooked. If great irregularities oxist, 
they should be removed by causing the water to pass through one or more 
gratings, presenting numerous small apertures equally distributed, or othexwiso, as . 
tho caso may voquire, through which the water may pass under a small head; 
theso gratings should be placed as far fom the weir as practicable. 

LC the canal leading to the wou has a suitable depth, it will be requisite 
only when great procision is requued, to correct the depth upon the weir for 
the volocity of the water in the canal by the formula (D) (art, 153); thus, in 
oxperimont 42, lable XU, tho water in the canal had a mean velocity of about 
1 {oot per socond, tho offoct of which was to incvenso tho discharge about two 
por cont; in oxpariment 82, in which the volocity was about 06 Lect pow 
second, tha discharge was incieased about one por cont; those examples will 
enable tho oporalor to judge, in cach caso, of ihe necessity of going through the 
troublesome caleulation for correcting the dopth on the weir 

1 


! 
i 


MISCKLLANGOUS EXPLRIMENTS ON TITER FLOW OF WATER, MADE At 
TUDE LOWUR LOCKS, IN NOVEMBER, 1802. 


On the discharge of water ore» a dem af the smug section ax that mected by tha Lssox Compiny, across the 
Mary imack River at Lew once, Massachusolte, 


165. As those oxporimonts cannot be wsofully compared with thoxo on woirs 
of more regular form, thoy have not bocn included in tablo XT; and na they 
ave of lesa gonoral interost, thoy will not be given with much dotail. 

Tho form of tho dam ig yopresonied by figures 11 ond 12, plato XIV. 
(art. 147); tho other apparatus was tha samo as that used for tha oxporimonts 
in table XII 

The end contraction was supprossed by making tho canal leading to tho 
overfall of the samo width as tho ovorlill itsolt Tho water im tho book ganga 
boxes communicated only with tho wator contained in tho spaces bolween the 
masonry and tho woodwork forming the sidos and bottom of tho canal leading 
to the overfall; a3 thore way a free communication between tho water ab A, 
figures 11 and 12, and that nom the hook gauge boxes, and us tho walor 
hetween these places was sensibly at vost, wa may consider that the po ot 
the water was inkon at A fn a 

166. In table XVI. theso exporiments aye oxhibiled in aufficiont detail to he 
intolligible. 

Cotumys 1 and 2 require no explanation 

Cotumy 8, The hoights contained in this column ave shove tho mean level 
of the orest of tho dam, which was vory noarly howlzonlal for a diatanoa of 
2.95 feot fom @ to D, Thoso heights hive nob hoon covrectod for tho velosily 
of the water approaching tho weir; indood, from tho monnor in which thoy 
were observed, no correction was necossary, 

Comm 4, The quantities in this column havo beon obtained in the manner 
described in the explanation of inble XIIT (art. 155). F 

Conumn 5. Quantily of water passing over lhe dan, cateuluted by the formula 


Q== 8.0120874" 5. 





LXPERIMGNTS ON 'TIG FLOW OF WATER OVER WHIRs, 187 


This formula was arrived ol by trial of various poweis of f, and was 
adopled as iopresenting, tho most neaily, tho rosulis of the five oxperiments m 
the table; it should he distmetly understocd, however, that it is not applicable 
to depths much greater or Joss than in the experiments from which it is 
deduced, In April, 1852, tho dopth of water flowing over the, dam at Law 
ronico, was 10 fect; if the quantity then passing over tho dam wore com." 
puicd by this formula, it is probable that it would be greatly in error. 

Commun 6. Proporhonal digtcrence. Tt will bo observed that the greatost pro- 
portional differonce is 0.0085, or los’ than one per cent; wo may therefore say 
with confidence, that we can compute the flow of water over the Lawrence dam, 
when free from ice or other obstruction, for any dopth not greater than 20 
inches oy loss than 7 inches, without bemg liable to an erior oxceedmg ono 
por cont, 
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EXPONIMENTS TO ASCERLAIN TIE LVIUCL OF LAKING THN DNPTIS UPON A WEIR AT DIRIRRENT 
DISTANONS FROM U7, BY MNANS OF PIPES OPENING NNAR TIM BOTTOM OF TWD OANAT, 7 


107. Tt is often a matter of gredt doubt and uncertainty, to know at what 
distanco from tho weir the depth of the water upon ib should be observed; 
vory often alao it becomes a matter of necessity to observe tho depth at a dis. 
tance fiom the wor so small that, accuding to some, the quantity of water 


passing the weir, computed in the usual manne, would be liable to sensible 
18 
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error. Vor the purpose of oblaining somo Tight upon this potut these expert 
monts were undeileken, aud, as they wore modo with all the preemitions for 
insming docuracy that could bo dovisod, they will bo desoribed with some detail, 

168. Figures 8, 9, and 10, plato XIV,, represont tho form of tho weir, and tho 

system of pipes used for theso experiments ‘Tho canal lending to tho woir was 
“of the same width as tho weir, so that the end contraction wna sypprosacd, 
‘The pipes wore of lend, about throo fourths of an inch interior dinmeler, the 
lower extremities of which, numbered from 1 to 8, woro about tnoo inches 
above the bottom of tho canal, and teiminated in holes in {Lo hoard CC; tho 
side of tho bomd at which they oponed was vertical, ond in the axis of tho 
canal; tho ends of the pipe did not yroject through tho board; the othor extremi- 
ties of tho pipes were fastened by small flanges to the bottoms of tho hook 
gmgo boxes; holes wero made in the bottoms of the boxer corrcaponding to 
cach pipe, and communication between tho boxes and tho pipoa could be con 
tiolled at pleasure, by plugging up these holos. It will bo readily perceived 
that heights of the water obsorved by this apparatus aro not nocossuily the 
truo clovations of tho surfico of the watoy immedintely ovor the orifecr of the 
pipos, bat that thoy are the oloyations of tho surfice in tho hook gaugo boxer; 
an elevation which is due to the staticnl prosauvo on the orifles of the pips. 

169 In order to obtain tho heights at different distancos from tho weir, 
observations were necossarily made with both hoolt gauges at tho same time, 
ono of which was always in communication with a pipo opening at 6 feol from 
the weir, thd apertures in the boliom of the box, communicatmg with all tho 
other pipos, being plugged up; at the other hook gauge, oithor pipa migi 
in communication with the box, all the other aporturos boing plugged wp 
the dopth at six foot flom tho woir was observed in ench oxporiiont, to bo 
used ag a standud with which the depth obsorved simultaneously at any other 
distance might be compared; this mode of procooding was rendorad necemury, in 
consequence of the impossibility of maintaining the level of tho water uniform 
for any éorsiderablo longth of timo. 

170, Th considering the sources of orror to which tho obsorvationa with tho 
hook gauges were linblo, it appoared thet four kinds required fo be specially 
guarded against, nomoly: Hes, imporfect comparison of tho gouger, with the lop 
of the weir, Second, defootive stability, in consequonce of which tho icluivo elo 
vations of the gauges aud tho weir might not bo constant. Thurd, crvora in tho 

.eriduation of the gaugos Fourth, the differonco in tho habit of observers, in 
making the point of the hook coincile with the surfice of the wator; or, what 
we may call, the personal orror, Th relation to the fist, wo must bear in mind 
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thal the yoquirement here is not so much thet the ubsolute height above the 
top of the weir should bo oxactly detorminod, as that tho differenco of the 
heights al two points, at diffcnt distances fiom the woir, should be determined 
correctly, if then we know tho relative heights of the two gauges, the object 
can be attained, even if we do not know preciscly the height of cither of them, 
relatively to the weir. The heights of the gauges relative to cach other, could 
easily bo ascertained at any timo, by closing up all the aperturos in each box, 
except thoss communicating with pipes, numbeis 4 and 5, which, it will be seen 
by referonce to figuro 9, had a common oufice at their lower oxtremities; con- 
sequently, the suxface of the water in both boxes must have been at the snine 
level, ‘The correction to be applied to the reading of one of the hook gauges, 
wow takon as previously determined for the experimonts on the discharge over 
tho woir, and tho correction for tho other gauge, was deduced from simultaneous 
obsorvations on both gauges, when tho boxes communicated with a common ori- 
fea, m tho manner just described, Tho second source of crror was guarded 
against as much as practicable, by making the obsorvations for the conection 
just doseribed, at nearly ihe same timo as the exporiments to which if was to 
bo applied, Tho dangor of exvor from tho did sourca was much diminished by 
making the obsorvations for the correotion, with nearly the same depth upon the 
weir as in tho oxperimonts to which it was to be applied. The fowth source of 
orror ‘waa oliminated by determining the correction separately for each pair of 
observers, Jn short, those four sources of orror wero reduced to a minimum by 
detormining for each sossion. of the experiments, and for each pair of observers, 
relative corrections to bo applied to the readings of tho hook gouges, to 
tho depths upon the weir; the dopths, when :the observations for these 
corrections wore made, being nearly tho samo as in tho experiments to which 
thay were to bo applied. 

171, In table XVIL aro given tho rosults of the observations made for the 
yuposa of obtaining tho rolative corrections for tho gauges, for each session of 
the oxporimenta, and for cach pair of obsorvors In computing the depth upon 
tha woir by tho north hook gauge, the comoction ~003072 is applied to the 
mean verding of tho gauge, (ar 148); tho mean reading of the south ‘hook 
gauge is givon; as the wator in both boxos is at tho same height the differ. 
ones betweon tho depth upon the woir, as determined by the north hook gauge, 
and tho mean xeading of the south hook gauge, must give the correction for the 
last named gauge, : 
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VABLE XVII. 
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172, It will be perceived, by an oxamination of table XVIT, that Uhore aro 
Sreater incgularities iu the comparisons by somo observers, than in those by 
others; this is to be attributed, principally, te tho different degrees of oxpert- 
ence and skill in the observers, 
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173. In toble XVII axe given the details of the experiments, to ascertain 
the ofleet of observing the depths upon the woir, at d florent distances from the 
welr, by means of pipes opening near the botlom of the canal Tu order to 
obtain the depth upon the weir by the north hook gauge, the correction 
—~0,08072 has heen applied to the mean readings of this gauge. The correction 
for tho south hook gaugo is taken from the final column of table XVIL, for 
tho corresponding sossion and pair of observers. From want of time, pipes uum 
bor 6 ond 7 woro not made uso of. 

Ik will be perceived, by referring to the final column of table XVIIL, that 
the difforonces in the heights, at tho different distances tricd, aro very inconsid- 
erable, and such as could be dotected only by the most delicate means of 
observation, 

174. ‘Two comparisons wore made in a similar mantter, of the heights, when 
one gaugo box communicated with a pipe opening near the bottom of tho 
conal, and tho othor with a pipe opening through the side, at about 4.2 feet 
above the bottom, the orifices of both being at 6 fect from the weir, as ropte- 
ronted at 2, figuros 8, 9, and 10, plate XIV.; tho following are tho resulls. 


Hirst comparison, made November 7th, beginning at 8", 62’, rm. 

Francis, at north hook gauge, with pipe No. 5, depth on weir 081616 foet 
Avory, vb south hook gauge, with pipe B « bs O81641 « 
Difference oo. ee ee ee ee ee ee ew ew + 000026 fect, 


Sgcond comparison, made November 7th, beginning at 4", 6, p.m. 

acis, nb north hook gauge, with pipe No, 6, depth on weir 0.81775 foot. 
well, at south hook gange, with pipe B “ 081776 & - 
Diteronce 2. ee ee ee ee + 0.00001 fect. 












Thos differences ave so minuto that io may conclude that the depth was 
ilo seme whether tho pipe oponed near the bottom of the canal or ab 4.2 foot 
above, ; 
175, Theso oxporiments, taken in connection with those of Boileau,” who 
has arrived at similar rosults, leave no doubt as to the propricty; Whenever 
convenionce requires it, of obsorving the depths upon the weir by means of a 
pipe oponing into tho dead water, nes: the bottom of the canal on the upstream 


side of che wait, 





meena nent 


* Janyoage des cours dear, by MP Boilean. Paris: 1880, 
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A METIOD OF GAUGING ‘THE FLOW OF WATER IN OPEN CANALS OF 
UNIVORM RECTANGULAR SECTION, AND OF SHORT LENGTI. 


' 


176, Tm motion of water in canals of uniform section, and of great length, 
has beon snecessfully investigated by sevoral eminent philosophers and engineers; 
all their caloulations, however, are based on certain fundamental conditions, relating 
lo the uniformity of the motion, either in different parts of the same section, or 
in tho different sections; conditions which ave not generally fulfilled in canals 
of which the Jongth is shoil in proportion to the other dimensions Tt is a 
maticy of common observation, that the irregulavitios in the motion of water 
cused by changes in the form of tho chaunel, or in the direction of tho cue 
vont, do not coase immediately after passing the causo of the ivrogularity, Fer 
instance, if the water at its ontiance into a canal has, from any cause, a greater 
velocity on one side of tho crneal than on the other, the irregularity will dis 
appear only at a certain distance from the entranco, depending upon the par- 
ticular circumstances; this distance may be equal only to the width of the 
ne,sor it may be at ton times that distanco; and it is only after the water 
mz traversed a eufficiont distance {o becomo freo from such inregularitics, that 
o usual rules reluting to ils motion are applicable. 

177, The volume of walur pussiig a given section of uw canal, is equal to 
the product of the avon of the section by the moan velocity, talon in a direc 
dion perpendicular to the plone of the section; in atraight canals, of umform 
section, and of great longth, the motion of the water, after passing through a 
cortain length of tho canel, becomes regular and unifoam, in which case the 
mean velocity may be deduged, with considerable accuracy, fiom the volocity of 
tho sufice nt the centre“of tho canal, where tho current is the most rapil. 
In short canals, however, this method is rmely applicable, if much precision is 
required. Various other methods have been devised for obtaining the mean 
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velocity in such cases, affording approximations mor or low perfiel 1, lias 
been frequently found convenment al Lowell, to gaugo largo stremms of water hy 
causing them to flow through short rectangula: canals of uniform section, and 1 
particular method of oblaining tho moan velocity has boon practised, which will 
now be described 

178, A convenient part of the focding canal is solected and lined with tim 
bers and planks, so ay to mako a smooth aud uniform rectangular olmmol; this 
is called a flume ‘Sho mean velocity is obtained by moans of tubes, loaded ab 
one end, so thet thay may flont in nearly a perpendicular position, the lower ends 
just clearing the bottom of tho flumo; these tubes ara pub in nea tho uppor 
ond of the flume, and from the observed paths and velocities that they asvmne 
though a defined portion of tho length of the fume, a mewn velocily id deduced. 
Three of theso flumes are represented at figmo J, plato XL Lis the Jhune med 
to gauge the water dawn by the Middlesex Company through tho peustock 2/7; 
GZ is tho flume for gauging the water diawn by the Masanoliueetis Cotlon-Mills ; 
and Af the fume for gouging the water drawn by the Booth CotlonNilk; ono 
sido and the bottom of cach of tho two Intler fumes, aro pomnanenlly wttochod 
to the canol, Whenever a mensdroment is dosived, the partition ix pul ing it fs 
also continued down the canal about 900 foot beyond the lowor end of tho thine, 
ox to a point just below iho lowor, ponatock, through which water is thawn hy 
tho Massachusetts Colton-Mills; at which point it is comnectod with the bank, 
These two ostablishmenis are all that draw from this canal Whon the pnrhtion 
is in plooo, and impervious to water, all tho wator thal passes tho fluma 7, is 
drawn by tho Massnchusotts Coblon-Milly; and all that passes the flumor d/, is 
drawn by the Boott Colton-Mis A, gratings for tha purposo of oqualiving, 
cortein extent, the velocity of the wa,er entering tho flumog; those are ol ridcoR 
sity in all situations, The fill at the grating is usually from 2 to 4 inches, ancl 
the level of tho water in tho basin 4, iy raised an equal amount whenever a 
Mensuromeu i9 made 0, flonts or rnfis made of planks, for the purpose of 
diminishing the oscillations in tho suifice, caused by tho gratings .P and 2, 
timbors for the upstream and downstroam Unnsit stations; the upstroam sides of 
those timbors form vertical planes, marking dolinito aria of tho tluunes, In which 
the moan velocitios are to bo mensured; those timbétsy, and also tho intermedinte 
timbers @, ave graduated into feol, tho zero points being in the axes of tho 
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respective flumos; this graduation is for tho purposo of being able to observo the 
paths of tho tubes. 4S, gauges, placed in boxes ‘communicating with the flume, 
for the purpose of showing the depth of water in the flumes. The times of the 
transis of tho tubes at both of the stations P and 2B, wore observed by the same 
chronometer, the signals bemg made by an elect telegraph erected for the pur- 
pose, The iclegraph used for this purpose, is a very simple apparatus; the circuit 
is formed by an insulated copper wire, about yy of an inch in diameter, and the 
eclectic current is maintained by a small galvanic battery, Whenéver tho circuit 
is Inoken, a small clocwro magnet becomes demagnetized, which causes a slight 
blow to bo struck on vertical glass plato, placed near the observer, who notes the 
times of tho transits; apart from the precision of the results obtained by this 
mothod of giving signals, it is quite an advintage to be able to station tho 
observer at some quiet and conveniont spot in the neighborhood. 
Tho tubes aro cylinders, made of tinned plate, about two ixiches in diameter, 
and of a length usually a little excceding tho depth of the water in the flume. 
The elovations of every part of the bottom being known, am inspection of the 
gouge & shows at onco the haght of the surface of the water in the flume above 
the mean level of the »ottom, and also above the highost part of the bottom The 
tubes aro loaded with lead at one end, so as to sink in stagnant water to a depth 
about an inch less than the depth of the watqr on the highest part of the bottom, 
Whenover the level of the water is linble to vary, several sets of tubes are pre- 
peved of different lengths; gonorally, however, ab Lowell, the level can be main- 
; tained at a uniform height with sufficient exactness, during the period required for 
wamonsuvomont, ‘Che longth of the tube is suck as to project about four indhes 
H¥o tho surfico of the water; on some occasions they hayo accidentally’ been 
much longor, If the posilion asswned by tho tnbes varied much from the vertical, 
it would become sensiblo in such casos; it has séldeom been perceived, however, 
evidently because the contie of gravity of tho tubd vig, so far below the centre 
of giavily of the spgce ogsupled by tho immorsed portion Sf the tube, 

Tho oporatid&ot obsgifng tho passage of a tubo is as follows. An asastant; 
alonding upon tho float Q; or on a platform in about tho same situation if no figat 
is usod, placos tho tho in,ga nearly a vertical position os ho can, immérgos” it 
to tho required depth, and @& any required pomt in tho width of the ’diiMl; a 
manoeuvre requiring oa littl practice to porform it in a satislactory -mainer. ‘ The 
tubo being abandoned to the currént, roaches the transit statiod P, where an 
observer, at the instant ib, spagses, touches the key of the «break circu” con- 
nected with the wie See #lOstaph; which catises a slgndl-to be made in the 
vicinity of the chronométes" at which the time of the transié is noted, Another 
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nasisttmt notes tho distance from the axis of the flume, at which thu lube passes 
the uppor transit station, The tubo passer on to the inturmedinte slution Q, 
where an observor notca its distance from lhe axis, At tho lower station Ai, the 
observations of the transits, and the cistanco fiom the axis of tho flume, are luken 
in the same manner ag at the uppor atalion 2. An assistant standing on a 


* platform a little on the downstream sido of ihe alation 2, calches the tubes as 


they leave the flume. 

179. In deducing the moan velocity from tho observations on tho paxsige 
of tho tubos, it is assumed that each whe moves with oaactly the mean velovity 
of tho water thoughout tho whole depth of tho canal, in tho partioular path 
followed by the tube; tho distance travaisod by the tube being measnred ono 
line parallol to the axis of tho flume. An obvious objection to thia axwmnption 
is, that the tube does uot extoud to the bottom, und that, consequently, a portion 
of the stream in which the wator has tho least volocity, has no direct offbet 
upon the velocity of the tube, which will therefore assume a velocity somewhat 
above the mean for the whole dopth. Weisbach, in lis Principles of the Michanies 
of Machinery and Engineering, proviously oiled, volume 1, chapter VIL, has the fol 
lowing romark, which is well founded, and has a direct relation to the subject 
under considoration. “As a talc, ospocially with largo and flonting bodies, nx ships, 
ote, the velocity of tho swimming body is somewhat groater than that of the 
water; not so much bocarse these bodies in swimming float down an inclined 
plane formed by the surface of tho wator, but because they take nono, or xoarecly 
any, part in tho itvogular intimate motion of tho water; alill, the variation for 
amall floating bodies is so slight that it may bo noglected” Agnin, if tho watexs, , 
has differont volocitios at different depths, it is plain that, at some paris | 
length of the tube, tho water will be passing by it, causing a prewure on tho 
upstream side of tho tubes and at othor parts of ity length, the tbo will be 
moving through the wajgs causing a prossure on ils downstrenm aide; these two 
pressures will genorally@e in equilibrium Tho progswe any point of tho 
tube, ‘Will, nocording to woll-known principles, bo propa@tonal fH aquare of tho 
relativo vologity of the tubo and of tho current, ab fame points consequently, 
if wo suppose the depth to which tho tubo ia {mygaoraed to bo divided into a 
gient numbor of oqual laminm, we shall havo tho“Hwn of tho squares of tho 
rolativo volocitics of all the Iaminw that arc moving fastor than tho tube, equal 
to the sum of the squares’ of tho relative velocitios of all tho lamin that aro 
moving slowor than the tube, ‘Lhe mean vologijzemf tho cunont for tho .wholo 
depth to which tho tube is immorse¢, is oqua ithmetical mean of the 
velocities of all the laminw, The velocity assumed io tube, depends upon 
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a different Jaw; hence, it is evident that, generally, the tubo will assume a velocity 
different from the moan velocity of the stream, for the depth to which the tube 
is immersed 

Although it is obvious that, whenever the velocities at different depths do not 
vary much, as is usually the case in canals, the difference betweon the velocity 
of the tube, and the mean velocity of the stream, for the depth to which the tube + 
is immerse, must bo small; still, there 1 a degree of uncertainty attending it, 
It is also unknown what correction to make, in consequence of tho tube not 
reaching to the bottom of the canal In order to estimate the degree of accu- 
ry of this modo of finding the mean velocity, and also to ascertain what cor- 
revlion to apply to the xosults of such gaugings, experiments have been made at 
Lowoll, on 9 scale of unusual magnitude, Tho monn velocity of the water passing 
a flume, has beou obtained by menus of tho tubes, in the manner described pbove ; 
and from this, and the known dimensions of tho flwmo, tho quantity of water 
flowing thrcugh it, has been deduced, Aftor passing tho flume, the samo water 
was caused to flow over wos of regular form, by. which means an independent 
guuge of the quantity passing tho flume, was obtained, by:.a aethod known to 
he sufficiently oxact for most purposes, The apparatus wilh which these expert 
ments were made, logethe: with the mothod of conducting thom, will now he 
doscribed, 

180, The mean velocity of the water passing the Middlesox flume, was 
obtained by means of the tubes, in tho manner described above. In figme 1, 
_ plate XL, tho flume is represented at J as ut was in the four oxporiments made 
uguel 15th, 1852, Tn theso experiments tho airangements were the sanys,.0§ ‘for 
P peuging of the water ciawn by tho Middlesox Company ;. exodptlng ; that the 
rend of the ponstock 27 was carefully closed up, and the water passing the flume, 
conducted to the gauging weirs, which wero the sam@{n,all the experimonts Fig 
ures 2 and 8, plate XI, aro a plan and Jongitudinal eogiin of the flume and gaug- 
ing weirs, ay thoy yiahe q* the seven experiments Sado September bth, 1852, 






in which, the wal of tl Nume was diminished to abdtt 10 foot, by a partition 
placed neay in the contyé wees 

Aftor passing tho flumo, iho water was conducted through the upper,,fock 
chimnbor to the basin £j ich had gauging wets on three of its, sides 3 tho 
total length of thes weirs was 77884 fect ‘The crests of the Webi Were not 
luxs than 6 fect abovo the highost parts of tho bottom of the, basin, the depths 
on which were aaa by menus of four hook gauges attached to the posts LZ, 
Jigures 2, 8, and 4; bh the weirs, in nono of the experiments, much 
exceeded a foob Fite Ny, figures 2 ond 4 wore for the purpose of facili. 
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tating tho chango of direction of hc ounent cntoring the basin Ay which, 
will be perccived by reference to figme 2, had to turn ab right apgles to reach 
two of the weirs, The quantity of water ganged ot these weirs, verte iy the 
different exporiments fiom 120 to 208 cubic foot per sacond, In gauging the 
lnvger quantities, it would havo boon more satisfuclory if the basin A” had been 
more oxtensive, as tho change of direction in tho crvent caused a sensillo 
inequality in the heights of the water, in different parts of tho bwin; however, 
as the depths upon tho weirs are deduced from observations mado at the four 
gauges symmetrically placed in relation to the weir, only a slight error can have 
arison trom this cause, Piccautions wore taken to prevent lJeakape betwoen the 
flume and the measuring weits, and the change in tho quantity, fiom Unis cause, 
must have been entirely insensible. 

Before commencing an expotiment, the velocity in tho flume war regulated, 
if nocessary, hy placing planks across the Jock, at the hollow quoins O; iw 
chango whatever was mado in these plonks during an experiment Itigmes [, 2, 
and 8, show tho form of the appronches and of tho gratings, at tho heads of 
the flumos, ‘Thoso armngoments had an important offeet upon the relative velovi- 
ties in different pmila of the section of the Unme, aa will be explained {athe 
on In tho oxperiments mado August 16th, the distanco between the patron 
ond downstream wansit stations, was 110 feot; in the oxperimenta of September 
6th, this distance wes roducad to LOQ fot; tho chango being made in the pov 
tion of the upstream transit station 

181. ‘With a view of vondering theso expaimenty more intelligible, the detuils 
of the observations made ab the flume, “3 fhe prpose of abluiniyg the mow 
velocity in oxporiment 5, aro givon ab fuigth in toblo XIX, which contains 
the gicator part of tho reductions of the obsorvations nocessary,.in order to fin 
the moan velocity. , : 

ESPLANANON OF sADy} 
explained by the regpq oadings. 

Corum 6, The Mek ‘distances given in thie ct 
twico the distance of the middle station to tho distd 
tions, and dividing tho .aum by 4. ‘ 

Coma & For the purposo of simplifying the Tetaclion, avillanetical means 
aro tukon of all the moon distances of tho sido tubos that full between tho even 
feot from the contro; md tho game also, with tho corresponding ratios of the 
Volooities of the side tubes to the centro tubos. Tho are ties in column 8 aro 
reprosented by tho disgram, figure 4, plato XV, Witch ig od from the original 
on a much larger scale, ,The mean apes aro ¢ the abscissas; those 
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on the noith side of the centyo, més; those on the south side, plus, The ratios 
of tho yelooilies aro taken for the ordinates, the upper extremities of which are 
connected by tho broken line; the full line connects the extremities of the ordi- 
nates, corrected, whon necessary, for the most striking irregularities of the obser 
valions In tracing the corrected line, n weight is attributed to tho ordinates, as 


they are given in column 8, proportional to the number of observations from * 


which they wo respectively deduced; thus, the ordinate deduced from all the 
obscrvations with the contre tubes, which is taken as unity, is determined from 


twenty-four obsorvations; while the adjacent ordinates on each side are deter , 


mined from a mean of two observations each; consequently, it is assumed that 
the ordinate corresponding to the centre tubes, is determined with a much gredter 
degreo of certainty than the adjacent ordinates, and in diawing the full line for 
the comected ordinates, a corresponding weight has beon giyon to it The ordi- 
natos terminated by tho full line, are assumed to represent the relative mean 
volocilics of tho wator, at distancos flom the centre of the fume equal to their 
corresponding ubscissus, 

Comumy 9, The numorical values of the ordinates of the full line in figure 4, 

Cosunns 10, LL, and 12, ave for the purpose of Gnding the mean velocity of 
tho wholo section, that of the contre tubes b3ing unity. This mean will evi- 
dently be the area of the figure ABODE divided by the sum of the positive 
aud negative abscissas, or AB=998 The sum of all the partial areas in col- 
umn 12, or tho area of tho figure AB OCD H= 9.28647, which, divided by 998, 
givos 0.9255 for the mean volocily of the , whole section, that of the centre, tubes 


"the centre tubes in passing 100 fect, 
» 100 
OF ssi 
wing tho experiment, was 


d tly, 9.98 « 8,007 = 79 91 






& mean vyelogi, 







was 26,11 0g nds; they had, therefore, 
second, Thotytiown depth of the water in the fl 
8.007 Loot; Hf mean soction of eP™ume was, ogg 


sume foots and the quaptily of water passing the fl 
o Ge 
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VOL SBRP25 X 00265294 5 cubic fock por second. 
ag 

182 During the a period occupiod in tho observations af the flunie, 
fonr observers were taking the depths upon the weirs, by moans 6f the hook 
gauges; fiom these observations, and tho known dimonsions of the wél¥s, the mean 





quantity computed by the formula = 
raf = ere 88(L—Olen)mt, ° - ' 
was found to be 280 4d cubic fect per second, or about 8 feet per second less than 
ag 


= 8,9896 feet per * 
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by the measurement in the flume; or in othor wordy, the measurement in the 
flume, by means of the tubes, gave a rotlt about 24 por cent greater than the 
measuromont at tho weirs 

The tubes used for detormining tho mean volocily in this experiment, were 
immersed 17.875 fect; consequently, thoro was a lamine of water, belweon tho 


* lower ends of the tubes and the bottom of tho flume, of the mean thickness 


8.007 — 7.875 == 0.132 foot > 


The velocity of this lamina could have had no direct influence on the velocity 
of the tube ; and as it is probable that its volocity was Jos’ than that of the 
mean of the lamina above it, it is feir to presumo that, if the tubes had been 
immersed to « sufficiont depth to include this bottom lamina, it would have had 
a mean velocity a little slower than was found by exporiment, and the agree: 
ment of tho measurement at tho flumo, with that at the weir, would havo been 
nearel; this, however, will account for only a part of the difference, 

188 ‘Table XIX. contains, also, observations with centre floats  ‘Thexe were, 
of wax, about 2 inches in diamoter; tho moan timo occupied by thom in pas 
ing 100 feet, was 20.81 scconds; giving « mean surface velocity of 


100 


I7gL == 973 foot por second, 


or a little over 6 por cent slower than tho mean velocity ax deduced fram the 
observations’ ‘vith the tubes, Prony gives a formula for deducing tho mean 
velocity of tho-whole section from thoy locity 5 thin i) when reduce, 
to the English foo": a , junit, becomes, * 








vy 4.178188) 
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~ and v= tho mea, 





in which, 7= tho surf¢ 







for V, we find ae d 
v= 8.0507; ‘ 
d 
giving as the quantity passing the fluo, * maps 


79.91.X 8.0507 sz 248,78 onbio fect por accond, 


which ig 15 por cont loss thon by the weir mOMUNNON, 
axe we linblo, if wo misapply the rules of hydraulies 


™) such groay vrrors 
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